Taxonomic Composition, Biomass, and Trophic Structure of Grassland Invertebrates at Cottonwood, South Dakota by Hamm, Pauline Estelle
South Dakota State University 
Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange 
Electronic Theses and Dissertations 
1972 
Taxonomic Composition, Biomass, and Trophic Structure of 
Grassland Invertebrates at Cottonwood, South Dakota 
Pauline Estelle Hamm 
Follow this and additional works at: https://openprairie.sdstate.edu/etd 
Recommended Citation 
Hamm, Pauline Estelle, "Taxonomic Composition, Biomass, and Trophic Structure of Grassland 
Invertebrates at Cottonwood, South Dakota" (1972). Electronic Theses and Dissertations. 4700. 
https://openprairie.sdstate.edu/etd/4700 
This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research 
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses 
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu. 
TAXONOMIC COMPOSITION, BIOMASS, AND TROPHIC STRUCTURE 
OF GRAS SI.A ND INVERTEBRATES AT 
COTTONWOOD , SOUTH DAKOTA · 
BY 
PAULINE E STELLE HAMM 
A t hesis subm i t t e d  
i ti  par t ial ful fi l l ment of t h e  r equirement s for t h e  
degree Mast er o f  S c i ence , Major i n  
Entomo l ogy, S ou t h  Dak o t a  
S tat e Unive r si t y  
1972 
TAXONOMIC COMPOSITION , BIOMASS , AND TROPHIC STRUCTURE 
OF GRAS SLAND INVERTEBRATES AT 
COTTONWOOD , SOUTH DAKOTA 
This t hesis is appro v ed as a cr edit ab l e  and ind e p endent in-
vestigation by a candida t e  for the degr e e , Master o f  S ci en c e, and 
is a c c e ptab l e  for mee ting the thesis reqeirernents for this degr��. 
A c c e ptan c e  o f  t his t h esis does no t impl y  t hat the c on c l usions r eac hed 
by the candidate ar e n e cessaril y  the c onc l usions o f  t h e  major depar t -
ment . 
Thesis Advise r  
Head , Ent omology-Zoology 
Depar tmen t  
Dat e 
Dat e  
ACKNOW LEDGMENTS 
I w i s h  to expre s s  a p pr e c i a t i on to my adv i s er , Dr . Burru s s  McDan i e l , 
for h i s  pat i en c e , enco uraeement , a nd guidanc e  in t h e  c ours e  o f  t hi s  
s t udy a nd f o r  h i s  as sis tan c e  i n  t h e  pre parat i on o f  t h e  manus cr i p t . 
I gra t e f u l l y  a cknowledge the as s i s tanc e  o f  Margare t Gra l i ng , Janet 
Wi enk , S usan Wienk , Ga� y Wheeler , Karin Muel l er , El i za b e t h  Hamm , and 
Conn ie Ve l dkamp in s or t i n g  t h e  samp l e s . I am a l s o  grat e fu l  t o  t he 
pers onn e l a t  t h e  Cot t on wo o d  Rang e  F i e l d  Stat i on for t h e ir a i d i n  
c o l l e c t i on o f  t he fie l d  data . 
I a l s o w i s h  t o  t hank James K .  Lewi s  f or h i s  as s i s ta n ce , Mrs . 
Marga ret S i e g e l  f o r  t y p i ng the manus cript , and the Ent omo l o g y -Zoo l ogy 
De partment for fur n i s h i n g  t h e  equi pmen t t o  c onduc t th i s  s t udy . 
S pe c i a l  re c o g n i t i on and appre c iat i on i s  extend ed my h us band , 
David Hamm , for h i s  h e l p , e n c o uragement, and s uppor t . 
PEH 
TABLE OF CONTENTS 
Pag e 
INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
STUDY AREA . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Locat i o n  . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
De s cr i p t i on o f  Ar e a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
De s cr i p t i o n  o f  Temporar y  Ex c l o s ur e  . . . . . . . . . . .  . . . . . . .  . .  . . . . . 6 
Des c r i pt i on o f  .Per manen t  Ex c l o s ur e  . . . . . .  . . . . . . . . . . .  . .  . . . . . . 6 
lVIATER I A L S  AND METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . 9 
Co l le c t ion o f  I nv e r t e brat e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
De s cr i pt i on o f  Ber l e s e  Funne l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0  
Sor t i ng and Re c or d i n g  o f  I nve r t e br a t e s  . . . . . . . . . . . . . . . . . . . . .  1 0  
We i g h i ng o f  I nv e r t e br a t e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Ca l c u la t i o n  o f  B i omas s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Ana l y z i ng Tr o ph i c  S t r u c tur e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Choo s i ng Taxa to I l l us t r at e S eas ona l  Oc cur r en c e  . . . . . .. . . . . . . 12 
RE SULTS . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . · . . . . . . . . . . . . . . . . . . . . . 14 
Taxonom i c  Com po s i t i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . 14 
I nver t e br a t e  B i omas s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0  
Tr o ph i c  S t r uc t ur e  . . . . . . . . . . . ; .... : . . . . . . . . . . . . . . . . . . . . . . . . . 33 
Seas o na l  Oc c ur r en c e  o f  Se l e c t ed Taxa 44 
D I S CUSS I ON . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ; . . . . . . . . . . . . . . . . . 66 
Taxonom i c  Compos i t i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 
I nv er t e brate Bi omas s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 
Troph i c S t r u c tu r e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
Seas ona l Occur r e n c e  o f  S e l e c t ed Taxa . . . . . . . . . . . .. . . . . . . ; . . .  69 
SUl.VIl\.IARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 4 
REFERENCES C ITED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76 
Tabl e  
1 .  
2. 
3 .  
4. 
I 
LI ST OF TABLES 
Taxon om i c c ompos i t i o n  ( numbers/m
2
). of i nve r t e br a t es 
take n  from the ungrazed t r eatment at Cottonwo o d  i n  
1 970 . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
2 
Taxonomi c compos i t i on ( numb e rs/m ) o f  i n ve r t e br a te s  
take n  from t h e  grazed tr eatmen t at C o t t o nwoo d  i n  
1970 . . . . . . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Taxonom i c  compos i t i on. ( numbers/m
2
) o f  i nv er t e bra t es taken 
from t h e  ungr azed t r ea tment a t  Cot tonwo o d  i n  1 971 . . . . . .  . 
2 
Taxo n om i c compos i t i on ( numbers/m ) o f  i nv e r t ebrates 
taken f r om the g r azed t rea tmen t  a t  Co t t onwood in 
1 9 7 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · . . . . . . . . . . . . . . . . . . . 
Page 
1 5  
1 8  
2 1  
24 
5 .  B i omass ( gr ams/m2 ) of i nver t e brates taken fr om the 
ungrazed t r eatment at Cottonwood in 1 970 . . . . . . .  . .  . .  . . . . .  34 
· 6. B i omass ( gr ams/m
2
) o f  i nv er t e brates taken fr om t he 
grazed treatme n t  a t  C o t t onwoo d  in 1970 . . . . . . . . . . . . .  . . . . .  36 
7 .  B i omass ( grams/m2 ) of i nver t ebrates taken fr om the 
ungrazed t r ea tm e n t  i n  Co ttonwo o d  i n  197 1  � . . . . . .  . .  . . . . . . .  38 
8. B iomass ( gr ams/m
2
) o f  i nv e r t e br at es taken. fr om the 
grazed t r eatmen t a t  C o t t onwood i n  197 1 . .  . . . . .  . . .  . . . . . .  . .  40 
9.  Tro ph i c  l ev e l  c ompos i t i on o f  inver t e br ates taken f r om 
the ungr azed t r eatme n t  at Cot tonwood in 1970 . . . . . . . . . . . .  42 
· 10. Tr o ph i c  l e v e l  c ompos i t i on of i nver t e br a t es t ak e n  f r om 
. the g raze d  t r ea tme n t  a t  C o t to nwood i n  1970 . . . . . . . . . . . . • .  42 
11. Tr oph i c  l ev e l c ompos i t i o n  of i nver t e brat es taken from 
ungrazed t r ea tment a t  C o t tonwo o d  in 1971 . . . . . . . .. . . . . . . . 43 
12. Trophi c  l ev e l  c ompos i t i on o f  i nver t e brates taken from 
the grazed t r ea tment at Cot to nwo od in 197 1  . . . . . . . . . . . . . • .. 43 










9 .  
Map of the summer grazing study pastu�es showing 
pasture number and location of IBP Grassland Biome 
temporary and pe�manent exclosures at the Cotton-
wood site . (Adapted from Lewis et al. 1971) ........... . 
2 
Insect numbers per m on the u�grazed and grazed 
treatments at Cottonwood in 1970 ........................ . 
2 
Insect numbers per m on the ungrazed and grazed 
treatments at Cottonwood in 1971 . . . . . . . . . . . . . . . . . . • . . . . . .  
Average precipitation vs. actual precipitation at 
Cottonwood in 1970 and 1971 ............................. . 
Insect biomass (grams/m
2
) on the ungrazed and grazed 
treatments at Cottonwood in 1971 ........................ . 
Occurrence of Diplopoda at Cottonwood in 1970. Re­
sults in mean number per square meter are given for 
grazed and ungrazed plots . (JulY. 23 sample missing) 
Occurrence of Diplopoda at Cottonwood in 1971. Re­
sults in mean number per square meter are·g�ven for 
grazed and ungrazed plots . .. . . . . . . . . . . . . ..... . . . . . ... . .. . 
Occurrence of Arachnida at Cottonwood in 1970. Re­
sults in mean number per square meter are given for 
grazed and ungrazed plots . (July 23 sample missing) 
Occurrence of Arachnida at Cottonwood in 1971. Re­
sults in mean number per square meter are given for 
grazed and ungrazed. plots . . . . . .. . . . . . . . . . . . . . ... . ....... . 
10. Occurrence of Ent9mobryidae at Cottonwood in 1970. 
Results in mean number per square meter are given 











missing) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 
LIST OF FIGURES (CONT.) 
Figure Page 
1 1 . Occurrence of Entomobryidae at Cotto.nwood in 1971 . 
Results in mean number per square meter are given 
for grazed and ungrazed plots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 
1 2 . Occurrence of Acrididae at Cottonwood in 1970 . Re­
sults in mean number per square meter are given for 
grazed and urigrazed plots� (July 2 3  sampl� missing) 
1 3 .  Occurrence of Acrididae at Cottonwood in 1 9 7 1 . Re­
sults in mean number per square meter are given for 
51 
grazed and ungrazed plots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 
14. Occurrence of Gryllidae at Cottonwood in 1 976 . Re­
sults in mean number per square.meter are given for 
graz�d and ungrazed �lots . (July 2 3  sample missing) . . . . .  ; 53 
1 5 . Occurr.ence of Gryllidae at Cottonwood in 1 971 . Re­
sults in mean number per square meter are given for 
grazed and ungrazed plots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 
16 .  Occurrence of Thysanoptera_ at Cottonwood in 1970 . 
Results in mean number per square meter are given for 
grazed and ungrazed plots. (July 2 3  sample missing) 55 
17 . Occurrence of Phloeothripidae at Cottonwood in 197 1 .  
Results in mean number per square meter are given 
for grazed and ungrazed plots . . . . . . . . . .. . .  ·. . . . . . . . . . . . . . . . 56 
1 8 . Occurrence of Thripidae at Cottonwood in 197 1 . Re­
sults in mean number per square meter are given for 
grazed and ungrazed plots � . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 
1 9 .  Occurrence of Cicadellidae at Cottonwood in 1970 . 
Results in mean.number per square meter are given for 
grazed and ungrazed plots . (July 2 3  sample missing) . . . . . 58 
20. Occurrence of Cicadellidae at Cottonwood in 1 971 . Re­
sults in mean number per square meter are given for 
grazed anc;l ung
.
razed plots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 9  
LIS T  OF FIGURES (CONT . )  
Figur e Page 
2 1 . O c cur r en c e  o f  Fs e ud o c o c c i dae at Cottonwoo d  i n  1 9 70 . 
Re s ults i n  mean number per squar e meter ar e g i v e n  f or 
grazed and ungrazed p l ots . ( Ju l y  2 3  sample m i s s ing )  
2 2 . O c curr e n c e  o f  Ps eud oco c c i dae at C ottonwood i n  19 71 . 
Re sults i n  mean number per s�uar e meter ar e g i v e n  f o r  
60 
grazed and ungrazed p l ots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  � 61 
2 3 . 
. . 
O c cur r e n c e  o f  Form i c i dae at' C ottonwood i n  1970. Re­
s ults i n  mean number per squar e meter are g i ven f or 
graze d and ungra z e d  p l ots . ( Ju l y· 2 3  sample m i s s i ng )  
2 4 . Oc cur re n c e  o f  Form i c i dae at Cottonwood i n  1971. Re­
s ults i n  mean n umbe r  per squar e·meter ar e g i ve n  f or 
62 
graze d and ungrazed � l ots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • .  63 
INTRODUCTION 
Th e  u l t ima t e  a i m  o f  s t ud i e s  o f  eco l o g ica l  pr i nc i p le s  and t h e i r  r e -
lat i o ns h i p  b e tween p la n t  and an i ma l  proce s s e s  i s  t o  pro v i de a ba s is 
for t he under s tand i ng o f  t h e  d ynamics o f  t h e s e  pr oce s s e s  a s  t h ey a f f ect 
man and h i s  env i r o nmen t .  O ur know l e dge o f  how t he s e  proce s s e s  o pe r a t e  
i s  f a r  f r om be i n g  p r ec i s e  enough as yet t o  p r ov i de a c l ear p ic t ur e o f  
what i s  happen ing i n  t he g ras s lands o f  t h e  wor l d . Howeve r , r ec e n t  
wo rk ha s a t  l eas t begun t o  s how wha t mus t b e  s t ud i e d , has e s tab l i s he d  
t he o r gan i za t i o na l f r amewo r k  upon wh ich i deas may b e  bui lt , a n d  ha s 
and wi l l  con t i nue t o  exp l a in por t i ons o f  s ome impor tan t componen t s  o f  
how p lants and an imals o p era t e  w i th i n  a gras s l an d  ecosys t em .  
The i dea for an i nt e r na t i ona l  b i o l o g i cal program ( I B P) was f i r s t  
v o iced ear l y  i n  195 9 . A f t e r  s everal y ear s o f  p lann i ng and p r e par at i on , 
t he operat i ona l  phase o f  t h e  program be gan i n  1967 w i t h  s e v e r a l  eco­
s y s t ems be i n g  s tu d i e d  i n  var i ous countr i es . The Un i t e d  Sta t e s  j o i ne d  
the e f fo r t i n  1969 by i n i t i a t i n g  an Ana l ys i s  o f  St r uc ture a n d  Func t i on 
o f  Gra s s land Eco s y s t ems p r o j ect. 
Ge orge Van Dyne (1970) s ta t e d  t hat the b r oad o b j ec t i v e s  qf t h e  
grass land s y s t em are t o  d e t e rm i ne t h e  dr i v i ng forces that make g ra s s ­
land eco s y s t ems o p e r a t e ,  t h e  ma j or and m i nor componen t s  o f  g r as s land 
eco sy s t ems , the change s  in magn i t ud e s  of t h e s e  compo ne n t s  over t i me , 
t h e  impo r t an t  proc e s s e s  wh ich caus e t h e  i n t erac t i on o r  l i n k i ng o f  t h e  
compon en t s  o f  t h e  eco s y s t em , t h e  i mpor tant i n t er na l  s ys tem par ame t ers , 
and how the p l ant , a n i ma l, and m i cr o b i a l  commun i ty or s o c i al i nte r ­
a ct i on s  a ffect the s e  pro c e s s e s. Th e s e  b r o a d  o b j e ct i v es e ncompa s s  
s ub or d i nant o b j e ct i v e s  i n c lud i ng th e study o f  ene r g y  f l o w  through the 
e cosys t em , c ompet i t i on , pr e dator -pr e y  r e lat i on s h ips, a bundanc e  and 
d i str i b ut i on o f  organ i sms , f l u c t uat i on s  of anima l  an d  p l an t popu­
lat i on s , the e f fe c t  of c l i ma t e  and weather , the i n f l ue n c e  o f  genet i c  
fac t or s , and many mor e . 
L i te r a t ur e  r e vea l s  no other stud i e s o f  e co s y stems wh i ch att empt 
2 
to cover s u c h  a w i de s c o p e  o f  a ct i v i t i e s. J .  R. Car p e n t e r  (1939, 1940) 
d i s c us s e d  t h e  b i ome i n  gene r a l  terms and later d i s cus s ed the g r as sland 
b iome , part i cu lar l y  th e gra s s lands of Nor th Amer i c a� but did not �t-
t empt to go i nto d eta i l .  
Th i s  part i c ular study i s  concerned w ith i nverte b r a t e s  f oun d o n  
a grassland e c o s y st em ; ther e for e, m o s t  o f  t h e  l i teratur e r eviewed was 
l im ited to stud i e s  i nvolv i ng i n s e cts. S i n c e  the' l i terat ur e on e c o -
s ystems i s  extens i v e, o n l y  t h e  follow ing tr ends as l i sted b y  Clar k 
e t  a l. (1967) were r ev i ewed : phy s i ca l  factor e c o l ogy , pr od uc t i on 
e c ology , and populat ion e c o l ogy . 
Sm i th (1935) was among the f i r s t  t o  emphas i z e phy s i c al fa c t o r  
eco l ogy wh i c h  str e s s e d  th e i mpor tance o f  ab i o t i c  facto r s  i n  r e gu l a t ing 
anima l  number s .  H e  f i r s t  us ed the t erms dens i t y -depen d e n t  a n d  dens ity -
i ndependen t. 
.Product i o n  e co l og y  i n t r o duce d t h e  s t udy o f  mo r e  comp l ex l i f e  
commun i t i e s  and cons i de r e d  t he t r o p h i c  as s oci a t i o n  o r  f o o d-cy c l e s  and 
t h e  f l ow o f  e n er gy w i t h i n  t r o ph i c  leve ls . S i nce L i ndeman (1942) f or-
mulated h i s  c o nce p t  of t ro p h ic dynamics , eco l o g i s t s  hav e b ecome i n-
c r ea s ing l y  i nt e r e sted i n  t h e  energy r e la t i ons h i ps o f  eco s y s t ems . Th e 
app l icat i o n  o f  t hermo dynamics and i n f or ma t ion t he or y  t o  t h e  s t udy of 
ener g y  flow t hro ugh an e c o s y s t em has pr o gr e s s e d  r a p i d l y  ( Odum 1956, 
Pa t t e n  1959, S l obodk i n  1960). 
3 
Popu l at i on e c o l o g y  has b e e n  def i ned b y  Andrewar tha (1961) as ' t h e  
laws gov er n i ng t h e  numbe r s  o f  anima l s  i n  r e la t i on t o  t h e  a r e as t h a t  
t hey i nha b i t . I t  t ak e s  i n t o  account the r e la t i on s h ips o f  a n i ma l s  t o  
th eir food and t o  o t h e r  s o r t s  o f  an i ma l s  t hat e a t  t h e  s ame s or t  o f  
food , o r  pr e y  o n  t hem , o r  ar e r e l a t e d  t o  t hem i n  s om e  way . '  C lar k e t  
a l . (1967) d e f i n e d  po p ulat i o n  eco logy as mean ing 'th e s t ud y  o f  even t s  
and p r oce s s e s  wh ich d e t ermine t he d i s t r i but i on , abundance , a n d  per -
s i s t ence of specif ic populat i ons . '  
Dur i ng t he las t  th i r t y  y ear s , many worker s have con t r i b u t e d  d i f­
fering theor i es t o  exp l a i n  t h e  abundance and d i s tr i bu t i o n  o f s peci e s . 
Smi t h  (1935), S o l omon (1957), Nicho l son (1958), and Kl omp (1964) 
tho ugh t  t ha t  d ensit y-d e pendent proce s s e s  play a key r o l e  in t h e  de t e r -
m i na t i o n  o f  populat i o n  numb e r s  b y  o perat i n g  a s  s tabi l i z i n g  m e c h an i sms .  
Andrewar t ha and Bir c h  (1954, 1960) and Andr ew r t ha (1961) r egarded s uch 
proce s s e s  as b e i ng o f  m i nor impor tance and cons ider e d  t h em i ns i g n i f i can t 
i n  d e t erm ining the abunda n c e  of s ome spe c i e s . Mi l ne (1957, 1962) 
s ough t a m i d d l e  cour s e  b e twe en t h e s e  v i ews , and B i r c h  (1960) em-
phas i ze d  the i n f l ue n c e  of th e ge net i c  fa c t or in t h e  d e t e rm i nat i o n  of 
popu l at i o n  numbe r s . 
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Re cent l y  s ome pr o g r ess ha s b een made i n  dea l i ng w ith the c ompl ex­
ity o f  str uctur e and i nteraction at the commun i t y  l ev e l  ( E l ton 1966, 
Menh i n i ck 1967, Evans and Murdoch 1968, Hudd l e s on e t  a l . 1971, McDa n i e l  
1 97 l a ) ; howeve r , s tud i es o f  a s i ng l e  commun i t y  and i t s  i nv e rt e b r ate 
fauna ar e in the natura l  h i s tor y s tage of d eve l opme n t . 
The purpose o f  t h i s  s tudy i s  to cons i d er and compar e  bas i c  
features of the invArtebrate community p1·esent on a gr a s s l a n d  e c o sys t em . 
The four bas i c  f e a t ur e s  ar e :  i t s  taxonomic compos i t i o n  ( numbe r s ) , 
its b i omas s , i ts t r oph i c  str uc t ur e ,  and the seas ona l patter n s  o f  
mor e important t axa� 
5 
STUDY AREA 
These studies were conducted at the Cottonwood site of the United 
States IBP Grassland Biome Comprehensive Network . Other sites in the 
Comprehensive Network include Ale in southeast Washington, Pantex in 
the northern panhandle of Texas, Osage in northeast Oklahoma, Jornada 
in New Mexico, and Pawnee in northeast Colorado . The Cottonwood site 
is located at the Cottonwood Range Field Station operated by the South 
Dakota Agricultural Experiment Station. 
The Cottonwood Range Field Station comprising 2, 640 acres is 
located in west central South Dakota on U .  S. Highway 14, 75 miles 
east of Rapid City �nd 11 miles west of Philip. The legal description 
is -Sections 16, 20, 21, West Half (W�) 22, Northwest Quarter (NWa) 28, 
Southeast Quarter and South Half of Southwest Quarter Section 17 in 
Township 1 South, Range 19 East, Black Hills Meridian, Jackson County, 
South Dakota (Lewis 1970) . 
The station lies in the Pierre shale area which is sometimes 
called the "gumbo region" of South Dakota because of the plastic clay 
which weathers from the shale. The strata of the Pierre shale are 
soft and easily eroded and weather into soft rounded hills and ridges 
with convex tops (Westin et al . 1967). Soil textures are predominantly 
silty clay but range from heavy clays to fine aeolian sands (Lewis 
1970). 
Two treatments were esta b l i s hed in 1970 to study the e f fect o f  
treatment and l o c at i on o n  i nvertebrate dens ity a nd sta n d i n g  c r op and 
on the stand i n g  c r o p  o f  d i f ferent troph i c  level s .  A permanent ex-
c l o s ur e  in h i g h  range ( ungra zed ) cond it i on and a temp o r ar y ex c l o s ure 
in l ow r ange ( grazed ) condit i on were uti l i zed . 
The near l y  5 a cr e  permanent exc lo s ure was fen ced i n  1963 f r om 
pasture three wh i ch prev i ous l y  had been l i ghtly grazed ( F i g . 1 ) . 
·Th i s  treatment i s  l o c ated on a gent le northeaster l y  s lo pe . Major 
p lant taxa a c c o r d i ng to Lewi s  et a l . ( 1971 ) i n c l ude Agropyr o n  sm ith i i  
Rydb . ,  Buc h l oe dactyl o i de s  ( Nutt . ) Enge lm . ,  a n d  Boutel oua gr a c i l i s 
( HBK . )  Lag . w ith Carex e l eo cha r i s  Ba i ley and Br omus japon i cu s  Thunb . 
const itut i ng the m i nor p la nt s pec i es . 
The tempor ary ex c l o s ur e , conta i n ing near l y  2 a cr es , was l o c ated 
in a pasture o f  a s ummer i nten s ity of gr a z i ng study ; however , it was 
not bei ng grazed dur i n g  the s amp l ing per i ods of May thr ough De cember 
in 1970 and A pr i l thr ough November in 1971 . It was fenced i n  1970 i n  
pasture one , wh i ch ha d been heav i l y grazed1 and was moved i n  1971 to 
a new l o c at i on i n  the s ame heav i l y  grazed pasture .  �- dactylo i des , 
and� . gr a c i l i s  are the majo r p lant s pe c ies found with i n  th i s  treat-
ment . £. e l eo c har i s  and Q .  japon icus ar e important m i nor s pe c ies 
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a c c or d i ng to Lew i s et a l . ( 19 71 ) . A smal. - -· -- ke s uppor t i ng a s h , c otton-
wood , and a n  o c c a s i ona l w i l l ow is l oc aterl cJ-se to th i s  exc l os ure and 
1 
Tempo r ar y  
Tempor ary / 







Pe r ma n e n t  
Exc l osur e 
N 
1 
1/4 M i l e  
500 Me t ers 
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I 
F i g . 1. Ma p o f  t he summe r g razi ng s t udy pas tu r es s howing pas t u r e  number 
and l o cat i on of IBP Gras s l and B i ome t emporary and p e r ma n e n t  ex­
c lo s ur e s  at the Co t tonwood s i t e. (Ada p t ed from Lewi s e t  al. 1971) . 
i s  i mportant i n  e x p la i n i ng the pr e s en c e  o f  certa i n  membe r s o f  the i n -
s e ct fauna r eported i n  th i s  study ( Mc Da n i e l  197lb). G i lga i m i c r o -
r e l i e f  o c cur s common ly on the g e ntle s lopes i n  both e x c losur es. 
A c ont i nenta l c l imate with extr emes o f  w i nter c o l d , s umme r  heat, 
and rap i d  f luctuat i on s  o f  temperatur e e x i sts at the s i te . Deta i l ed 
data conce r n i ng pr e c i p itati on , wi nd , temperature r ange s, dat e s  for 
k i l l i ng fro sts etc. ar e g iv e n  b y  Lew i s  et a l . (1971). 
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An extens i v e  s ea s o n  o f  p lant 9r owth exi sts s in c e  the f a l l  s hoots 
and bas a l  leaves of the pe r e nn i a l  gras s e s  and her b s  r ema i n  g r e e n  dur i ng 
s ome o f  the w i nter months . In th i s  ar ea a ctive gr owth r e s um e s  with the 
i n cr ea s e d  photoper i o d  i n  late Mar ch or ear ly April; i ns ects · b e c ome 
e v i d ent soon the r e a fter ( McDan i e l  1 97lb ) .  
MATER IALS AND METHODS 
The data pr e s en t e d  in t his paper ar e derive d  fr om r e co r d s  o f  
o c curr e nc e , bas ed o n  D-va c  and h e r bage samp le s , o f  inve r t e br a t e s  e n-
coun t e r e d  on t h e  two r an g e  t r eatment s  f r om May t o  De c em b e r  in 1970 
a nd fr om Apr il to Novembe r  in 1971. 
Samplin g  was c ond uct e d  o n  4 0  p l ots r epr e s enting t h e  g r a z e d  and 
ungrazed t r eatme n t s  wi t h  2 r e plicates per t r e atme n t  each s amp ling 
period . Sampling wa s conduc t e d  a t  2 t o  3 week in t e rva l s  d ur ing the 
mon t hs of May t h r ough Aug us t and once mon t h l y  in Apr i l , S e p t embe r , 
O c t ob e r , Novemb e r , and De cember . 
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Th e samp ling wa s done wi t h  the u s e  o f  0 . 5m cir c ular qui ck 
traps pa t t e r n e d  a ft e r  Turnbull and Nic ho l l s  (1966) which were s us-
,pended fr om t ripod s lo c a t e d  exa c t l y  over the p l o t s  and wer e dro pped 
immedia t e l y  be for e the sampl e s  were taken . Plo t s  wer e  l o ca t e d  prior 
to t h e  samp ling da t e , and the quick traps wer e  h ung o n  t he i r  t ripo ds 
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the day b e for e sam p ling t o  e l imina t e  the po s sibili t y  o f  d i s t ur bing the 
f lying ins e c t s . 
O n c e  the traps had been dropped, the p lan t mat e r ial in e a c h  p l o t , 
which wi l l  be re fer r e d  t o  a s  the her ba ge samp l e , was clipp e d  a t  g round 
l ev e l  wit h  ele c t ri c  c lipper s and p l a c e d  in a paper bag whil e s till in-
side the trap . Al l r e maining ma terial inc l uding lit t e r  and m ul ch wa s 
co l l e c t e d  wit h t he us e o f  a D-va c  s uc tion a pparatus similar t o  t ha t  
1 0  
d e s c ribe d  b y  Die t r ick e t  a l .  ( 19 5 9 ) .  The D-vac c o l l ec t ing bags were 
a l s o  p l aced in paper bag s .  The b a g  o f  h erbage a n d  t h e  D-v a c  bag o f  
mulch were s ubject e d  t o  ·Ber l e s e  funn e l  extraction . 
Dif ferent s ize Ber l e s e  funne l s  wer e  u s ed t o  e x t ra c t t h e  inv e r t e-
b r a t e s  f r om t h e  h e r ba g e  and mul c h  s ampl e s . The dimensions o f  t h e  
mul c h  Ber l e s e  funn e l s  wer e  as f o l l ows: a 1 4  in c h  diame t e r  l i p  wit h  
a 1 2  inc h  diame t e r  funne l and a 1 0  inch d e p t h. Th e h e r bage Ber l e s e  
funn e l s  wer e  ta l l e r  t o  accommoda t e  large amoun t s  o f  v e g e ta t ion; t h e  
dimensions wer e a s  f o l l ows : a 9 inch diame t er lip wit h  a 7 inch 
diame t e r  funne l and a d e p t h  of 19 inc he s . The mu lch s amp l es wer e 
extr acted under a 1 0 0 -wat t  light bul b for 1 2  hours whi l e  t h e  her ba g e  
s amp l e s  wer e e x t r a c t e d  under a 40-wat t  ligh t bulb for 4 8  hour s . 
The extrac t e d  ins e c t s  wer e  co l l ec t e d  in 70% e t h y l  a lcoh o l . The 
extrac t e d  mat e ria l from t he mulch and he rbage samp l e s  fr om e a c h  p l o t 
was sor t e d  u s ing s t er e omicr o scopes at a magnificat io n  o f  1 5X .  In 1 9 7 0 , 
t h e  material was s or t e d  in Pe t ri dis he s , 1 5 0mmx2 0mm , and p l a c e d  in 
via l s . Modified ro t ar y  co un ting chambers simi l ar t o  t h o s e  d e scribed 
by Swans o n  and Thorns b e rry ( 1 9 7 2) wer e us ed t o  s or t  the e x tra c t e d  
mat e ria l i n  1 9 7 1 . F o llowing s epara tion from the extrac t e d  ma t e ria l , 
the inv e r t e brate s  wer e coun t e d  and sor t e d  using a ste r eomicr o s c o pe 
wit h  lOX wide fie l d  e y e-piece s and overa l l  magni fica tio ns o f  6 ,  1 2 , 2 5  
and 5 0X. The ins ect s  wer e s e pa r a t ed to the famil y l ev e l  a n d  wer e 
p laced int o  s e para t e  via l s fil l e d  wit h  7 0% e th y l  a l c oh o l  f o r  s t or a ge . 
11 
Numbe r s  of each taxon c o l l e c t ed in each p l o t  at ea c h  s amp ling period 
wer e tabu l a t ed s e parat e l y  for s ta tis tical t r eatmen t . 
In 1 97 1 , weight s  o f  eac h  taxon wer e  de t ermined and t a bu l a t ed 
s eparat e ly whe n  t h e  g r o up s  we r e  large enough to weigh . A l l weighing 
was done on a ba lance wi t h  a pre cision o f  l 0
- 5
g a f t er t h e  s amp l e s  
wer e dr ied a t  60°C for 2 4  ho ur s . The mean weigh t s  o btained i n  1 9 7 1  
wer e  used t o  ca l c u l a t e  the 1 970 biomass . 
Bioma s s  wa s ca l c u l a t ed by mu l tip l ying the mean weigh t o f  e a c h  
taxon times the n umbe r  o f  individua l s  c o l l e c t ed be l onging t o  t ha t  
group i n  e a c h  samp l e . 
For the analysis of trophic struc tur e: re l iance on pub lis hed 
dat a  about s p e cie s , genera , o r  fami lies wa s uti lized . Ca ution wa s 
us ed and o n l y  gene r a l  t r ophic habit s wer e  sugg e s t ed f o r  e a c h  taxon . 
Tr o phic ana l y s es wer e  bas ed on the fo l lowing food habit c la s s i­
ficatio n , modi fied af t er Evans and Murdo c h  ( 1 968) : 
1. En tomophagous pr eda t o r s ,  fe eding l a r g e l y  or exc lusiv e l y  o n  
o ther ins e c t s . 
2 .  En t omopha go us par as it e s ,  the para sitic f eeding being c o n­
fined t o  the larva l s tage . 
3 .  Chewing herbiv o r e s , f eeding on plant tis s ue s uch a s  l eave s  
and s t ems and inc l uding mi cr of loral grazers . 
4 .  S u c king h e r bivor es , f eeding on in terna l  p lant sap . 
5 . Fl ower-f e eder s , those cons uming n e c tar or po lle n . 
6 .  S cavenge r s , fee d i ng on dead and de com po s i ng mat te r . 
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7 .  Non - fee d i ng s t age s , i n d i v i d ua l s  i n  l i fe s t age s whe r e  feed i ng 
i s  not requi r e d . 
On l y  s e l e c te d  taxa wer e  c hosen to i l l ustrate sea s ona l o c c ur r ence . 
The taxa c hosen were t ho s e  fo und t o  be h i gh l y  s i gn i f i cant a t  C ot t o nwood 
when t he f o l low i n g  dat a  ana l y se s  were r un on t he 1 9 70 data f r om a l l  t he 
IHP Gras s l and Bi ome s i te s : 
1 .  Ana l y se s  o f  var iance o f  i nver tebrate den s i t y  s howin g  s i g ­
n i f i can t t axa e f fe c t  and/or s i g n i f i cant t reatme n t  x t axa 
e f fec t 
2 .  Pr i nc i pa l  component analyses of tnvertehrate d ensity 
3 .  Ana l y s e s  o f  var iance o f  i nver te bra te
. 
s tand i ng c r o p  s how i ng 
s i gn i f i cant taxa e f fe c t  and/or s i g n i f i cant t reatme n t  x 
taxa e f fe c t  
4 .  Pr i nc i pa l  c ompo ne n t  ana l y se s o f  i nver tebrate s tand i n g  c r o p  
The f o l l owi ng taxa wer e  found t o  be s ig n i f i can t i n  one o r  more o f  
t he ana l y s e s : D i plopoda , Arachn i da , Entomobr y i dae , Acr i didae , Gr y l l i dae , 
Thy s anopte r a , C i cade l l i dae , Pseudoco c c i dae , and Form i c i dae . The 
ana l y se s  in 1 9 70 were r un o n  Thysanoptera as a s i n g le g r oup ; h oweve r , 
in 1 9 7 1  two fami l ie s  o f  Thy s anoptera , Thr i p i dae and Ph l oe o t hr i p i dae , 
were t reated separa te l y . 
Th i s  s t udy inc l ud e d  repre sentat i ve s o f  the c la s s e s  Ch i l o poda ,  
D ip lopoda , A r a c hn i da , and Inse c t a. S ome o f  the or gan i sms i n c l uded are 
13 
s pe c i e s  wh i c h a r e  f o s s or i a l , a quatic , or s u b t e rranean whic h , in one or 
more of the i r  li f e  s tage s , a ppear aboveground for a por tion o f  t h e i r  
l ives . 
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RESU LTS 
Taxonomic Composition 
Eig h t y - s even dif f e r e n t  taxa we r e  r e corded from b o t h  t re a t m e n t s  
i n  1 9 7 0  and 1 9 7 1  ( Tab l e s  1 ,  2 ,  3 ,  a n d  4 ) . Of thes e ,  6 a r e  r e gard e d  
a s  casua l  invader s f r om adja c en t  ha bitat s o r  a s  er ratics fr om mor e  
dis tant s o urc e s . The o t he r s  wer e  f o und fr e que nt l y  enoug h  t o  indicat e  
t ha t  t he y  ar e r e gu lar inha bi tan t s . 
The s e  eigh t y - s ev e n  taxa in c l ud e d  16 order s o f  I n s e c ta wit h  8 1  
families in addition t o  t h e  c la s s e s  Ar a chnida , Chil o po da , an d  
Dip lopoda . Six o r d er s , t h e  Hemipt era , Homopt era , C o l e opt er a , 
Lepido p t era , Dipt e r a , and Hymenoptera , toge ther c o n tr i bu t e d  mor e  than 
7 73 of the t o t a l  n umbe r of taxa . A t o ta l  of 8 0  dif f e r e n t  t axa we r e  
r e co r d e d  o n  t h e  ungraze d t r eatment whi l e  o n l y  66 taxa wer e  found o n  
t h e  grazed t r ea tmen t . 
The mos t a bundant taxa were the Ar achnida, c ompo s e d  primar i l y  o f  
mit e s, and t h e  Pseudo c occidae. The highe s t  number o f  Ara c h nida 
c o l l e c t e d  was 1 2 03 . 4/m . The s e  wer e c o lle c t e d  on Nov . 1 1 , 1 9 7 1 , on 
the ungraz e d  t r eatment ( Tab l e  3) .  The Ps e udococ cidae was t h e  next 
2 
mo s t  nume r ous taxon with 1003 . 4/m b eing c o l l e c t ed on the g r azed 
treatment o n  Augu s t  2 0 , 1 9 7 0  ( Ta b le 2). Other taxa c o n taini.ng l a r g e  
number s o f  in dividua l s  were t h e  families Entomobryidae , Smin thur idae , 
Formicidae , Ph l o e o thripidae , and Th rip i dae . 
Table 1.--Taxonomic composition (mean number/m
2
)aof invertebrates taken from the ungrazed treatment at Cottonwood 
in 1970 
Order or Class Family May 8 May 22 June 8 June 22 July 7 Aug 4 Aug 20 Sept 3 Oct 2 Nov 6 Dec 4 
Chilopoda o.o 0.3 o.o 0.0 o .o o.o o.o 0 . 1  o.o 0 . 1  o.o 
Diplopoda o.o 0 . 1  0 . 1  0.0 5 . 8 o.o 0 . 0  0 . 9 0 . 7 o.o o.o 
Arachnida 181 . 8  716 . 7 53 . 6  61 . 0  134 . 5  61 . 4  228 . 4  633 . 8  286 . 7  173 . 3  102,7 
Coll embola 
Entomobryidae 68.7 675 . 3  o.o 0 . 0  1 . 9  1 . 4  0.7 6 . 7  0,4 29 . 3  7 . 1  
Sminthtiridae o.o 5 . 4  8 . 2  .4.1 9 . 6  1 . 0  0 . 7  4 . 1  0 . 1  4 . 0 64 . 8  
Others 0.2 31 . 0  o.o 0.0 o.o o.o o.o 0.0 o.o o.o o.o 
Ephemeroptera o.o o.o o.o o.o 0 . 1  0 . 0  ·o.o o.o o.o 0 . 0  o.o 
Orthoptera 
Acrididae 0 . 3  0,4 0 . 6  0 . 1  0 . 3  o.o 0 . 1  o.o o.o o.o 0 . 9  
Gryllidae 0 . 1  0 . 2  0 . 5  0 . 3  o.o o.o o.o .0. 5 0 . 1  0 . 1  0 . 1  
Plecoptera o.o o.o 0 . 0  0,2 o.o .o.o o.o o.o o.o o.o o.o 
Dermaptera o.o 0,1 0 . 1  o . o o.o o.o o.o o.o o.o o.o o.o 
Psocoptera 
Liposcel idae o.o. o.o o.o o.o o.o o.o o.o o.o 0 . 3  1 . 2  1 . 9  
Others o.o o.o 0 . 9  0.1 0 . 4  0 . 4  1 . 1  2 . 8  0.5 o.o o.o 
Thysanoptera 
Phloeothripidae o.o ;, o.o o.o 0 . 0  o.o o.o 16 . 7  16,9 3 . 9  5 . 7 7.9 
Thripidae 1 . 3  o.o 4 . 9  0,·1 0 . 6  o.o o.o o.o o.o 2 . 3  3 . 1  
Others 6 . 4  38 . 4  5 . 3  14.l 26 . 0  22 . 4  25 . 2  o.o .J o.o 3 . 8  o.o 
Hemiptera 
Anthocoridae o.o o.o 0 . 1  o.o o.o o.o o.o o.o o.o o.o o.o 
Lygaeidae 2 . 2  3 . 7  0 . 9  0.7 1.8 4.7 4 . 8  5 . 5 1 . 2  1.8 1.4 1--' tn 
Table 1. (Continued) 











































































































































































































































































































































Table 1. (Con tin.ued) 
Order or Class Family May 8 Ma:y 22 
Neuroptera 0.1 o.o 
Hernerobiidae o.o o.o 
Trichoptera 0.2 0.1 
Lepidoptera 
Arctiidae o.o o.o 
Gelechiidae o.o o.o 
Pyralidae o.o o.o 
Others o.o 0.1 
Di pt era 
Cecidomyiidae o.o 0.1· 
Chaoboridae 0.0 o.o 
Phoridae o.o O.l 
Simuliidae o.o o.o 
Others 0.5 0.8 
Hymenoptera 
Braconidae 1.8 0.7 
Eurytomidae o.o o.o 
Formicidae 4.6 138.8 
Ichneumonidae o.o o.o 
Others 1.5 5.7 
Others 45.1 145.2 
a
Rounded to one decimal place 
June 8 June 22 July 7 
0.1 o.o o.o 
o.o o.o o.o 
o.o o.o 0.2 
o.o o.o o.o 
o.o 0.2 0.1 
o.o o.o o.o 
o.o o.o 0.0 
o.o o.o o.o 
o.o 0.0 o.o 
O.l o.o o.o 
o.o o.o o.o 
0.7 l.2 1.0 
0.5 0.9 0.2 
0.1 0.0 o.o 
44.6 6�Ll 65.7 
0.2 o.o o.o 
2.3 (3. 0 8.3 
ll.6 22.4 23.4 
Aug 4 Aug 20 Sept 3 
o.o o.o o.o 
o.o o.o 0.2 
0.2 o.o 0.9 
o.o· o.o o.o 
o.o o.o 0.0 
o.o 0.0 0.0 . 
o.o o.o 0.4 
o.o o.o 9.8 
o.o ·o.o o.o 
o.o o-.o 0.8 
o.o o.o I o.o 
1.0 0.9 4.3 
o.o o.o o.o 
0.0 o.o o.o 
5.1 0,9 35.6 
0.0 o.o o.o 
2.2 1.2 3.6 
7.9 9.0 2.1 








































Table 2 .-- Taxonomic compos it ion (mean number/m2 )
a 
of invertebr ates taken from the grazed treatment at Cottonwood 
in 1970. 
Order or Class Family May 8 May 22 June 8 June 22 July 7 Aug 4 Aug 20 Sept 3 Oct 2 Nov 6 Dec 4 
Ch i lopoda 0.2 0.2 o.o o.o 0.3 o.o o.o o.o o.o o.o o.o 
Diplopoda o.o o.o o.o o.o o.o o.o o.o o.o o.o 0,2 o.o 
Arachni da 242,7 677.0 42.� 59.9 333.4 9.3 223,9 549.8 41. 7 131.6 51.0 
Collembola 
Entornobryidae 25.3 8.1 10.7 o.o 52 . l  o.o 2.6 5,9 0.9 6.2 l.5 
Sminthuridae 0.0 3,8 40.9 32.8 15.1 0.6 2.2 14.1 0.1 0.5 3.1 
Others o.o l. 3 o.o o.o o.o o.o o.o o.o o.o o.o o.o 
Orthoptera 
Acr i d i dae 0.1 o.o o.o 0,1 0.3 o.o o.o o.o o.o 0.1 o.o 
tiryllidae o.o o.o o.o 0.0 0.3 o.o o.o o.o 0.1 o.o o.o 
Psocoptera 
L i posceli dae o.o o.o o.o o.o o.o o.o o.o 0.4 0.5 0.4 o.o 
Others o.o 0.6 0.1 o .. ) l . 6  0.3 0.8 l.5 0.2 o.o o.o 
Thysanoptera Phloeothr i p i dae o.o o.o 0.0 o.o o.o o.o 4.8 24.2 0.8 0.9 1.8 
Thr i p i dae o.s 2.4 0.1 o.o o.o o.o 5.4 o.o 0.0 1.2 0.4 
Others 4.4 11.9 4.6 3.6 24.4 2.7 o.o o.o o.o o.o o.o 
Hemi ptera 
Core idae o.o o.o 0.1 0.1 o.o o.o o.o o.o 0.0 o.o o.o 
Cori melaen i dae o.o o.o 0.2 o.o o.o o.o 0.0 o.o o.o o.o o.o 
Lygaeidae 7.8 28.4 1.0 5.0 15,6 3.2 8.3 18.3 1.4 1.8 0.3 
Mi ridae o.o o.o 3.0- o.o 0.1 o.o o.o o.o o.o o.o o.o 
Phymat i dae o.o o.o o.o o.o 0.3 o.o o.o o.o o.o o.o o.o 
Piesma t i dae o.o o.o 0.1 o.o o.o o.o ,).1 o.o o.o o.o o.o 
Ting i dae o.o o.o 0.1 O.l C.3 o.o o.o o.o o.o 0.1 o.o 
Others 0.4 2.2 15.9 ·2.� 2.5 0.2 0.3 o.� o.o 0.4 0.2 
J--1 
00 
Table 2. ( Continued) 
Order or Class Family May 8 May 22 June 8 June 22 J uly 7 Aug 4 Aug 20 Sept 3 Oct 2 Nov 6 Dec 4 
Homoptera 
Aphididae o.o 1.2 o.o o.o o.o o.o o.o o.o o.o o.o o.o 
Cerco pidae o.o o.o 0.3 o.o 0.4 o.o o.o o.o 0.0 o.o o.o 
Cicadellidae o.o o.o 0.4 8.6 o.o o.o o.o 0.1 0.1 0.9 0.9 
. Fulgoridae 0.0 o.o 0.1 o.o 0.1 o.o 0.0 0.0 o.o 0.1 0.1 
Pseudococcidae 21. 4 39.0 l
_
l.5 17.9 36.6 36.5 1003.4 963.2 474.6 177 .1 123.7 
others 0.7 4.8 2.0 8.� · 1.4 0.4 0.4 1.6 0.2 0.0 0.1 
Col eoptera 
Anthicidae 0 .0 0.0 0.1 o.o o.o o.o o.o 0.0 o.o 0.3 o.o 
Carab idae 1. 7 3.7 1.0 1.4 4.2 1.1 . 0.6 0.1 0.1 0.3 o.o 
Chrysomel idae o.o 0.1 0.4 0.1 0.0 o.o 0.0 0.5 1. 7 1.2 0.5 
Coccinellidae 0,5 0.1 0.3 0.1 0.4 0.2 0.1 0.6 0.2 0.3 o.o 
Curcul i on i dae 0 . 1 0 .-o o.o o.o 0.4 o.o 0.1 0.5 0.2 0.4 0.2 
El ateridae 0 .0 o.o o.o 0.0 o.o o.o .o.o o.o o.o 0.0 0.1 
Lathridiidae 0.3 1.0 0.1 o.o 0.3. o.o 0.0 0.8 o.o 0.4 o.o 
Mordellidae 0.1 0.0 0.0 0.1 o.o o.o o.o o.o o.o 0.0 0.0 
Pselaphidae 0.1 0.1 o.o o.o 0.3 o.o 0.1 1.1 1.0 0.9 0.1 
Scarabaeidae 4,3 10.3 o.o o.o 7.8 0.0 1.6 o.o o.o o.o o.o 
Sil vanidae o.o o.o 0.1 o.o 0.0 0.0 o.o o.o o.o o.o 0.0 
Staphylinidae 0.1 2.3 o.o o.o 0.3 o.o o.o o.o o.o o.o o.o 
Tenebrionidae o.o o.o 0.0 0,0 o.o o.o o.o 0,0 0.1 o.o o.o 
Others 0.3 3.2 0.8 0,5 0.9 0.1 0.1 0.6 o.o 0.1 o.s 
Mecoptera 
Panor pidae o.o o.o o.o o.o o.o o.o o.o 0.0 0.1 o.o o.o 
Neuroptera o.,o o.o o.o o.o o.o o.o o.o 0.3 o.o 0.0 o.o 
Hemerobiidae o.o o.o o.o o.o o.o o.o 4.2 0.3 2.3 0.3 0.1 
Trichoptera 0,1 0.1 0.2 0.1 0.3 o.o J o.o 0.1 o.o o.o o.o 
Lepidoptera 
Arctiidae o.o o.o 0.0 o.o o.o o.o o.o 0.1 0, l o.o 0 . 3  
Others o.o 0.1 0.2 . o.o 0.5 o.o o.o 0.1 0.6 0.4 0,9 1--1 CD 
Table 2. (Continued) 
Order or Class Family May 8 May 22 June 8 June 22 
Di pt era 
Cecidomyiidae o.o o.o 0.0 o.o 
Phoridae o.o 0.1 0.7 0.2 
Others 0.4 0.2 1.6 1.8 
Hymenoptera 
Braconidae o.o 0.9 0.2 2.4 
Formicidae 12.5 166.6 108,7 58.1 
Iqhneurnonidae o.o o.o 0.1 0.1 
Others 0.5 1.6 5.7 1.5 
Others 8.0 22.8 4.9 1. 7 
a
Rounded to one decimal place 
July 7 Aug 4 Aug 20 
o.o o.o 0.0 
0.1 o.o o.o 
1.4 0.3 0.2 
o.o o.o. o.o 
96.6 1.6 1.2 
o.o o.o o.o 
3.8 1.2 1.9 
3.9 2.7 8.7 
,J 





























Tab l e  3 .  ( Con t i nued ) 
Order or Class 
Homoptera 
Col eoptera 
Me copter a 
Fam i l y  
Pi esma t i dae 
P l o i ar i idae 
Reduv i i dae 
Tingidae 
· Others 
Aph i d i dae 
Cercop i dae 
' C i cade l l i dae 
Fu l go r i dae 
Memb r a c i dae 
Pseudoco c c i dae 
Others 
An t h i c i dae 
Carab idae 
Chrysome l i dae 
Coc c i nel l i dae 
Cu rcul i on i dae 
Derme s t idae 
E l at er i dae 
La t h r i d i i dae 
Morde l l  i dae 
Or t hoper idae 
Ps e l aph idae 
Scarabaeidae 
Scydmaenidae 
Staphy l i n i dae 
Others 
Panorpi dae 
Apr 2 · Apr 1 7  . Ma y  4 Ma y  2 2  June 9 June 2 3  J u l y  7 Jul y 2 1  Aug 4 Aug 1 8  Sept 2 Oc t 1 Nov 1 1  
0 . 2  
o . o  
0 . 0  
0 . 4  
2 . 7  
0 . 0  
o . o  
3 . 5  
o . o  
0 . 6  
64 . 5  
0 . 0  
o . o  
2 . 1  
1 . 1  
o . o  
0 . 4  
o . o  
0 . 0  
2 . 9  
0 . 1 
o . o  
0 . 2  
o . o ' 
1 . 5  
2 . 2  
1 . 9 
o . o  
0 . 1  
0 . 0  
a . o  
0 . 9  
2 . 8  
o . o  
0 . 0  
1 6 . 5  
o . o  
0 . 2  
1 1 1 . l  
0 , 8  
o . o. 
3 . 0  
3 . 5  
o . o  
0 . 4  
o . o  
0 . 1 
8 . 5  
0 . 1  
o . o  
1 . 3  
0 . 8  
0 . 3  
1 . 5  
9 . 6  
o . o  
0 . 1 
0 . 3  
o . o  
4 . 8  
4 . 3  
o . o  
o . o  
1 7 . 2  
0 . 1  
0 . 5  
42 . 6  
1 . 0 
1 . 9 
4 . 6  
1 6 . l  
0 . 0  
0 . 9  
o . o  
0 . 5  
1 1 . 6  
0 . 1  
o . o  
2 . 3  
2 . 6 
o . o  
2 . 5  
1 3 . 5  
o . o  
0 . 0  
o . o  
o . o  
·0 . 1  
0 . 6  
o . o  
o . o  
2 . 6  
o . o  
0 . 2  
1 6 . 7  
0 . 2  
0 . 4  
1 . 6 
5 . 1  
o . o  
0 . 7  
o . o  
0 . 1  
3 . 2  
a . 5  
o . o  
0 . 1 
o . o  
0 . 1  
o . o  
6 . 2  
o . o  
0 . 3  
o . a  
a . o  
1 . 3  
0 . 7  
o . o  
o . o  
2 . 7  
o . o  
0 . 4  
4 1 . 4  
0 . 6  
o . o  
a . a  
a . o  
0 . 2  
3 . 3  
0 . 3  
0 . 1  
1 3 . 9  
0 . 0  
0 . 0  
32 . 3  
0 . 6  
1 . 3  0 . 4  
4 . 4  0 . 5  
1 . 8  0 . 5  
o . o  0 . 1  
2 . 2  0 . 1 
o . o  o . o ' 
0 . 3  0 . 2  
6 . 6  0 . 4  
78 . 9 ' 27 . 5  
o . a  0 . 0  
3 . 2  ' o . o  
1 . 6  . 0 . 3  
o . o  o . o  
4 . 0  1 . 3  
20 . 2  8 . 8  
o . o  o . o  
o . o  
0 . 0  
0 . 5  
4 . 0  
1 3 . 7  
2 . 3  
0 . 1  
2 1 . 7 
0 . 0  
. 0 . 2  
1 84 . 9  
0 . 0  
o . o  
2 . 8  
1 . 6  
0 . 4  
0 . 8  
o . o  
0 . 1 
1 7 . 5  
33 . 3  
o . o  
0 . 1 
o . o  
o . o  
1 . 6 
8 . G  
o . o  
0 . 0  
o . a  
0 . 2  
0 . 4  
0 . 5  
0 . 5  
0 . 3  
2 . 7  
o . a  
0 . 3  
72 . 0  
o . a  
0 . 1  
0 . 1  
0 . 3  
0 . 9  
0 . 3  
o . o  
o . a  
3 . 5  
1 .  3 
a . o  
o . o  
o . o  
o . o  
o . o  
3 . 4  
o . o  
o . o  
o . o  
o . o  
0 . 2  
0 , 5  
0 . 1  
0 . 3  
1 8 . 3  
0 , 3 
1 . 2  
1 27 . 0  
o . o  
0 . 4  
1 .  3 
0 . 2  
o . o  
0 . 2  
0 . 1  
o . o  
2 . 5  
0 . 8  
1 . 9  
o . o  
o . o  
o . o  
0 . 2  
2 . 5  
· 0 . 1  
0 . 0  
0 . 1  
o . o  
0 . 1 
0 . 1 
0 . 0  
a . 1  
.1 . 1  
o . o  
1 . 2  
408 . 4  
o . o . 
o . o  
0 . 5  
o . o  
o . +  
o . o  
' o . o  
o . o  
0 , 5  
0 . 1  
1 . 2  
o . o  
o . o  
o . o  
0 . 1  
0 . 8  
. 0 . 2  
o . o  
0 . 5  
0 . 2  
0 . 1 
3 ; 7  
o . o  
0 . 1  
6 . 1  
0 . 2  
o . o  
622 . 2  
o . o  
0 . 9  
5 . 6  
0 . 7  
o . o  
0 . 5  
o . o  
o . o  
1 2 . 5  
3 . 4  
6 . 6  
1 .  3 
0 . 0  
1 . 2  
1 . 6  
4 . 5  
0 , 4  
o . o  
0 . 3  
0 . 2  
0 . 1  
3 . 5  
o . o  
o . o  
1 . 6  
0 . 1  
o . o  
1 24 . 0  
o . o  
0 . 1  
5 . 9  
1 .  7 
o . o  
0 . 6  
o . o  
0 . 0  
1 1 . 7 
1 . 0  
9 . 2  
0 . 2  
0 . 1  
0 . 1  
2 . 6  
2 . 2  
o . o  
0 . 4  
0 . 0  
o . o  
0 . 6  
0 . 1  
o . o  
o . o  
4 • .  9 
o . o  
o . o  
8 7 . 0  
o . o  
0 . 0  
5 . 5  
2 . 1  
o ·. o  
0 . 6  
o . o  
0 . 1  
2 0 . 2  
1 .  3 
1 7 . 0  
1 . 2  
0 . 1 
0 . 2  
2 . 5  
0 . 9  
o . o  
N 
N 
Tab l e  3 .  (Con t i nued ) 
Order or Class Fam i l y · Apr 2 Apr 17 May 4 May 22 Juae 9 June 23 Ju l y  7 J u l y  21 Aug 4 Aug 18 Sept 2 Oct 1 Nov 1 1  
Neuroptera 
Tr i choptera 
Le p i doptera 
O i ptera 
Hymenoptera 
Con i opte r yg i dae 0 . 0  
Heme r o b i i dae 0 . 0  
Myrmeleont i dae 1 . 0 
Others o . p  
Hydrops y c h i dae O . O  
Ar c t i idae 
Geometridae 





C e c idomy i i dae 
C h i ronomi dae 
Phor i dae 
Psychod i dae 
Scatop s i dae 
Scenop i n i dae 
S c i ar i dae 
Seps idae 




Form i c i dae 
I chneumon idae 
Others 
o . o  
0 . 3  
o . o  
o . o  
l . �  
0 . 1 
2 . 6  
4 5 . 4  
1 9 . 4  
o . o  
o . o  
o . o  
o . o  
o . o  
o . o  
o . o  
o . o  
0 . 1  
o . o  
3 . 6  
o . o  
0 . 8  
Others 0 , 4  
aRounded to one decimal place 
o . o  
0 . 1  
9 . 4  
o . o  
o . o  
o . o . 
o . o  
o . o  
o . o  
7 . 0  
o . o  
0 . 6  
66 . 5  
4 . 2  
0 . 1 
o . o  
o . o  
o . o  
o . o  
o . o  
o . o  
1 . 3  
1 . 4  
0 . 1  
1 1 . 8  
o . o  
1 . 9 
0 . 0  
o . o  
4 . 4  
o . o  
o . o  
0 . 0  
o . o  
0 . 0  
o . o  
5 . 4  
o . o  
3 . 9  
1 1 8 . 6  
5 5 . 9  
0 . 3  
o . o  
o . o  
0 . 0  
o . o  
o . o  
0 . 1  
0 . 3  
2 . 1  
0 . 6  
61 . l  
o . o  
1 .  7 
1 . 2  
. 
1 1 . 3  
0 . 2  
o . o  
0 . 2  
0 . 1  
0 . 3  
o . o  
o . o  
o . o  
o . o  
2 . 8  
o . o  
4 . 6  . 
38 . 6  
o . o  
o . o  
o . o  
o . o  
o . o  
o . o  
o . o  
o . o  
0 . 1  
1 .  7 
0 . 5  
1 3 . 4  
o . o  
1 . 0 
35 . 2  
0 . 1  
0 . 3 
o . o  
o . o  
0 . 1  
0 . 4  
o . o  
0 . 0  
o . o  
5 . 0  
0 . 1  
0 . 6  
1 1 8 . 9  
0 . 7  
0 . 1  
o . o  
o . o  
o . o  
o . o  
o . o  
o . o  
J . 5  
l) . 0  
n . o  
1 1 1 . 3 . 
o . o  
5 . 5 
1 5 . 6 
o . o  
0 . 3  
3 . 0  
o . o  
0 . 5  
0 . 1  
o : o  
0 . 5  
o . o  
0 . 5  
2 . 4  
2 . 3  
35 . 1  
2 3 . 0  
o . o  
0 . 3  
o . o  
0 . 1  
2 . 9  
.0 . 1  
o . o  
7 . 1  
0 . 2  
o . o  
1 4 . 0  
0 . 1  
1 . 5  
5 . 6  
o . o  
0 . 3  
1 4 . 5 
o·. o  
0 . 1  
0 . 0  
o . o  
0 . 6  
o . o  
1 . 5  
o . o  
5 . 8  
67 . 3  
0 . 7  
0 . 0  
o . o  
o . o  
o . o  
0 . 2  
0 . 0  
o . o  
1 . 0 
0 . 2  
0 . 2  
77 . 7 
0 . 1  
9 . 8  
4 . 2  
o . o  
o . o  
3 . 5  
o . o  
0 . 0  
o . o  
0 . 0  
o . o  
o . o  
0 . 0  
0 . 1  
2 . 0  
0 . 2  
1 . 1  
o . o  
0 . 5  
0 . 7  
o . o  
0 . 2  
o . o  
0 . 0  
0 , 9  
o . o  
o . o  
1 .  7 
o . o  
1 . 6  
o . o  
o . o  
0 . 6  
1 . 5  
0 . 0  
o . o  
0 . 1  
o . o  
o . o  
o . o  
o . o  
o . o  
1 . 6  
2 . 2  
2 . 2  
0 . 1 
0 . 6  
0 . 6  
o . o  
0 . 2  
o . o  
o . o  
1 . 0  
0 . 1 
o . o  
1 . 4  
0 . 0  
0 . 8  
o . o  
0 . 0  
2 . 9  
o . �  
o . o  
o . o  
o . o  
o . o  
0 . 0  
o . o  
o . o  
o . o  
0 . 2  
0 . 3  
0 . 3  
0 . 1  
0 . 2 
o . o  
o . o  
o . o  
o . o  
o . o  
0 . 1  
o . o  
0 . 2  
2 . 8  
o . o  
0 . 6  
o . o  
0 . 3  
2 . 7  
0 , 4  
o . o  
o . o  
0 . 3  
o . o  
0 . 3  
o . o  
1 . 1  
0 . 5  
o . o  
22 . 9  
2 3 . 8  
o . o  
55 . 6  
.o . o  
o . o  
2 . 1  
o . o  
o . o  
6 . 0  
0 . 0  
o . o  
50 . 5  
O . l  
6 . 6  
o . o  
o . o  
0 . 4  
0 , 0  
o . o  
o . o  
0 . 6  
o . o  
o . o  
0 . 6  
8 . 4  
0 . 2  
o . o  
1 3 . 4  
0 . 0  
o . o  
o . o  
o . o  
0 . 0  
0 . 2  
0 . 0  
o . o  
1 . 0 
o . o  
o . o  
1 0 . 7  
o . o  
3 . 0  
o . o  
0 . 0  
6 , 3  
0 . 0  
o . o  
o . o  
1 . 2  
. o . o  
o . o  
5 . 7  
1 6 . 6  
o . o  
o . o  
48 . 3  
3 3 . 4  
o � o  
0 . 0  
o . o  
o . o . 
0 . 0  
o . o  
o . o  
0 . 2  
0 . 0  
0 . 2  
0 . 1  
o . o  
1 .  7 
o . o  1:0 w 
· 2 a 
Tab l e  4 . --Taxonomic compos i t ion (mean number/m ) of i nvertebrate s taken from the grazed t reatment at Cottonwood in 1 97 1 . 
Order or Class 
Ch i lopoda 
Diplopoda 
Arachn i da 




Hem i ptera 
... 
Homoptera 
Fami l y  
Entomobry i dae 
Sminthur idae 
Acr id idae 
Gry l l idae 
Liposcel i dae 
Pol yps oc i dae 
Phloeothr ipidae 
Thr ipidae 
Cor ime l aenidae 




Pen t atomidae 
Phymatidae 





C i cade l l i dae 
ful gor i dae 
Pseuctococc i dae 
Ot hers 
Apr 2 Apr 1 7  May 4 May 22 June 9 June 23 Jul y  7 Jul y 2 1  Aug 4 Aug 1 8  Sept 2 Oct 1 Nov 11 
o . o  
0 . 0  
26 . 8  
6 . 3  
3 . 9  
o . o  
o . o  
0 . 2  
o . o  
0 . 8  
0 . 2  
o . o  
o . o  
1 . 6  
o . o  
o . o  
o . o  
o . o  
0 . 0  
o . o  
0 , 3  
o . o  
o . o  
9 , 2  
0 . 0  
1 4 1 , 9  
o . o  
o . o  0 . 1  o . o  
o . o  o . o  o . o  
279 . 2  · 385 . 8  231 . 9  
1 43 . 1  380 . 6  
1 . 1  o . o  
o . o  
o . o  
0 . 1  
o . o  
8 . 0  
o . o  
o . o  
o . o  
5 . 4  
o . o  
o . o  
O . Q  
o . o  
o . o  
0 . 1  
0 . 1  
o . o  
o . o  
1 .  5 
o . o  
186 . 2  
0 , 3 
0 . 1  
o . o  
0 , 4  
o . o  
9 . 1  
o . o  
o . o  
o . o  
3 , 1  
o . o  
o . o  
o . o  
o . o  
o . o  
o . o  
o . o  
o . o  
o . o  
0 . 7  
o . o  
96 . 6  
o . c  
9 . 5  
2 . 8  
o . o  
o . o  
o . o  
o . o  
7 . 3  
0 . 4  
o . o  
o . o  
1 . 5  
o . o  
o . o  
o . o  
o . o  
o . o  
o . o  
0 . 2  
o . o  
o . o  
0 . 3  
0 . 0  
45 . 2  
0 , 3 
o . o  
o . o  
371 . 3  
24 . 8  
1 . 8  
0 . 0  
o . o  
0 , 3  
0 . 2  
1 8 . 9  
0 . 3 
o . o  
0 . 0  
0 . 4  
· o . o  
o . o  
o . o  
0 . 2  
0 . 0  
o . o  
o . o  
o . o  
o . o  
0 . 4  
o . o  
160 , 4  
2 . 1  
o . o  o . o  
o . o  o . o  
�5 . 8  563 . l  
0 . 9  
5 . 7  
o . o  
o . o  
0 . 4  
0 . 5  
1 6 . l 
1 . 2 
o . o  
o . o  
1 . 3  
0 . 5  
0 . 1  
q . o  
0 . 1  
o . o  
o . o  
0 . 1  
O . C'  
4 , 0  
6 . 4  
o . o  
4 :. 1 , 1 
") . ( i  
1 . 5  
7 . 0  
o . o  
o . o  
0 , 3  
0 . 2  
31 . 0  
5 , 2  
0 . 1  
o . o  
1 5 . 5  
0 . 4  
o . o  
o . o  
0 , 1  
o . o  
0 . 1  
0 , 2  
1 5 . 2  
0 . 0  
1 1 . 0  
o . o  
832 . 3  
o . o  
o . o  0 . 0  
o . o  o . o  
24 . 3  20 . 3  
0 . 1 
2 . 6  
0 . 2  
o . o  
0 , 4  
o . o  
4 . 1  
2 , 0  
0 . 1  
o . o  
6 . 2  
o . o  
o . o  
0 . 2  
0 . 1  
o . o  
o . o  
o . o  
0 , 0  
3 . 3 
1 , 9  
0 . 2  
1 . 1  
o . o  
o . o  
o . o  
0 . 4  
0 . 3  
3 , 5  
0 . 1  
o . o  
2 . 8  
o . o  
0 . 1  
o . o  
o . o  
o . o  
0 . 1  
0 , 1  
1 . 2· 
0 , 0  
1 4 , 5  
o . o  o . o  
1 94 , 8  161 . 9  
0 , 0  o . o  
o . o  
o . o  
25 . 9  
o . o  
0 . 4  
0 , 1  
o . o  
0 . 3  
0 , 2  
0 . 0  
,
1 . 9 
o . o  
o . o  
7 , 5  
·0 . 2  
o . o  
0 , 1  
o . o  
0 . 1 
0 . 5  
o . o  
o . o  
0 . 1 
0 . 7 
0 , 0  
291 . 2  
o . o  
o . o  0 . 1 0 . 2  
o . o  0 . 1  0 . 1  
i 6 3 .  1 32 1 . 0 31 9 . 3  
0 . 5  
o . o  
31 . 8  1054 . 4  
7 . 1  5 4 . 6  
o . o  
0 . 2  
0 . 6  
0 . 4  
3 . 8  
0 . 7  
o . o  
0 . 2  
o . o  
0 . 1  
4 . 0  
0 . 6  
o . o  0 . 0  
o . o  0 . 2  
10 . 6 . 1 8 . 3  
o . o  o . o  
0 . 1  o . o  
o . o  o . o  
0 , 1  0 , 1  
o . o  o . o  
0 . 3  0 , 0  
0 , 3 0 . 1  
O ,  l 
O ,  l 
3 . 9  
0 . 1 
0 , 0  
l . 3 
0 . 2  0 , 0  
1 40 , 5  1 2 7 . 7  
0 , 0  0 , 0  
0 , 0  
o . o  
0 . 4  
o . o  
2 . 5  
0 . 4 . 
o . o  
1 . 0 
1 2 . 0  
o . o  
0 . 2  
0 , 0  
o . o  
o . o  
o . o  
o . o  
0 , 0  
o . o  
o . s  
0 , 0  
66 , 7  
0 , 0  ti.) � 
Table 4 .  (Continued ) 







Anth i c idae 
Carabidae 
Chrysome l idae 
Co cc ine l l idae 
Curcu l i on idae 
El ater i dae 
Lathr i d i idae 
Mord e l l i dae 
Mycetophagidae 
Or thoper idae 
·Ps e l aph idae 
Scarabaeidae 














Apr 2 Apr 1 7  May 4 May 22 June 9 JWle 23 July 7 July 2 1  Aug 4 Aug 18 Sept 2 Oct 1 Nov 11 
o . o· 
0 . 3  
2 . 1  
o . o  
o . o  
o . o  
O . l  
o . o  
o . o 
o . o 
o . o  
0 . 1  
o . o  
0 . 1  
o . o 
o . o  
0 . 4  
0 , 1  
o . o  
o . o  
o . o  
o . o  
o . o  
1 .  7 
o . o  
0 . 5  
o . o  
2 . 0  
2 . 7  
0 . 1  
0 . 3  
o . o  
0 . 6  
o . o  
o . o  
. o . o  
o . o  
7 . 2  
o . o  
2 . 0  
o . o  
o . o  
1 . 2  
0 . 7  
o . o  
o . o  
o . o  
o . o  
o . o  
2 . 4  
o . o  
0 . 4  
o . o  
1 . 8 
1 . 8  
0 . 2  
0 . 5  
o . o  
o . o  
o . o  
o . o  
o . o  
o . o  
1 . 5  
0 . 1  
0 . 3  
o . o  
o . o  
0 . 4  
o . o  
o . o  
o . o  
o . o  
o . o  
o . o  
3 . 2  
o . o  
0 . 2  
0 . 1  
0 . 4  
0 . 4  
0 . 0  
0 . 3  
o . o  
0 . 0  
o . o  
o . o  
o . o  
o . o  
0 . 2  
o . o  
0 . 2  
o . o 
o . o  
o . o  
o . o  
o . o  
0 . 1  
o . o  
o . o  
o . o  
4 , 9  
o . o  
0 . 8  
o . o  
0 . 5  
0 . 3  
0 , l  
O . l  
o . o  
0 . 1  
o . o  
o . o  
0 . 0  
o . o  
0 , 7  
o . o  
0 . 6  
o . o  
o . o  
0 . 8  
o . o  
o . o  
0 . 4  
0 . 2  
0 . 1  
o . o  
3 . 7  
0 . 7  
1 . 1  
0 . 3  
o . o  
0 . 1  
0 . 3  
o . o  
0 . 1  
o . o  
0 . 1  
o . o  
o . o  
o . o  
o . o  
0 . 2  
0 , 9  
o . o  
o . o  
3 , 7  
() , 0  
o . o  
0 . 2  
0 . 2  
1 . 5  
o . o  
1 . 0 
o . o  
i-. e 
o . o  
1 . 8  
3 . 3  
1 . 3  
0 . 2  
0 , 1 
2 . 2  
7 . 9  
o . o  
o . o  
o . o  
1 . 1  
0 . 6  
22 . 0  
0 , 1  
0 . 0  
1 . 8  
1 . 7  
o . o  
o . o  
o . o  
0 . 4  
o . o  
0 . 2 
0 . 1  
2 . 8  
o . o  
0 . 7  
0 . 2  
2 . 2  
o . o  
o . o  
0 . 3 
o . o  
o . o  
o . o  
o . o  
0 , 0  
0 . 2  
1 . 1  
0 . 3  
o . o  
2 . 1  
0 . 4  
2 . 2  
o . o  
o . o  
o . o  
o . o  
o . o  
0 . 2  
0 . 9  
0 . 1  
0 . 9  
1 . 1  
0 . 9  
0 . 2  
o . o  
0 . 6  
0 . 1  
o . o  
o . o  
o . o  
o . o  
O . l 
0 . 8  
0 . 6  
o . o  
9 . 1  
o . o  
1 . 2  
0 * 3 
o . o  
0 . 1  
. o . o  
o . o  
0 . 4  
0 . 4  
o . o  
1 . 1  
0 . 3  
0 . 4  
o . o  
o . o  
0 . 1  
0 . 1  
o . o  
0 . 1  
o . o  
o . o  
o . o  
0 . 4  
0 . 7  
0 . 9  
10 . 3  
o . o  
0 . 9  
o . o  
o . o  
o . o  
o . o  
o . o  
o . o  
O . l  
0 . 6  
3 . 8  
0 , 7  
0 . 1  
0 . 3  
0 . 0  
0 , 9  
1 . 1  
o . o  
0 . 5  
o . o  
o . o  
0 . 9  
0 . 2  
0 . 4  
o . o  
2 . 0  
o . o  
0 . 4  
0 . 2  
0 . 2  
o . o  
0 . 1 
o . o  
0 . 3  
0 . 4  
0 . 2  
5 . 1  
0 . 7  
o . o  
0 . 5  
0 . 1  
0 . 4  
0 . 1  
0 . 2  
0 . 1  
o . o  
0 . 1  
0 . 4  
0 . 2  
0 . 1  
O . l  
2 . 0  
o . o . 
o . o  
o . o  
0 . 6  
0 . 3 
0 . 5  
2 . 0  
0 . 1  
o . o  
o . o  
5 . 4  
6 . 1  
o . o  
o . o  
0 . 2  
0 . 2  
o . o  
o . o  
0 . 3  . 
0 . 1  
o . o  
0 . 7  
0 . 6  
o . o  
o . o  
0 . 8  
o . o  
o . o  
o . o  
0 . 1  
o . o  
l . 6  
0 . 4 
0 . 2  
o . o  
l\) c.n 
Table 4 .  (Cont inued ) 
Order or Class Family Apr 2 Apr 1 7  May 4 May 22 
Diptera 
Cec idomy i i dae 2 . a  1 7 . 7  2 . 5  0 . 6  
Chironomidae o . o  o . o  o . o  o . o  
Cul i c idae ' o . o  o . o  o . o  o . o  
Phor idae o . o  o . o  o . o  o . o  
Pipuncul i dae o . o  o . o  o . o  o . o  
Psychod i dae o . o  o . o  o . o  o . o  
Scatops i dae o . o  o . o  0 . 0  o . o  
Sc iar idae o . o  o . o  o . o  o . o  
Others o . o  0 . 1  0 . 1  o . o  
Hymenoptera 
Braconidae o . o  o . o  0 . 1  o . o  
Encyrt idae a . a  o . o  o . o  o . o  
Euchar i t idae o . o  o . o  o . o  0 , 1  
Euloph i dae o . o  o . o  0 . 4  0 . 2  
Formic i dae o . o  3 , 9  4 , 6  3 . 7  
l chnaumonidae o . o  o . o  o . o  0 . 0  
Mut i l l idae a . o  o . o  o . a  o . a  
Others a . 2  a . 6  a . 4  a . 4  
Others a . 5  o . a  o . a a . 4 
a
Rounded to one dec imal place 
. #  
June 9 June 2 3  July 7 July 2 1  
4 , 6  6 . 0  6 . 7  0 . 4  
2 . 2  l . 3  0 , 4  0 . 2  
. o . o  0 . 7  o . o  o . o  
o . o  0 . 1  0 . 0  0 . 1  
o . o  o . o  0 . 1  o . o  
o . o  o . o  o . o  0 . 2  
o . o  0 . 0  o . o  0 . 1  
o . o  0 . 8  0 . 1  o . o  
2 . 1  l . 8  0 . 6  l . O 
0 . 1  0 . 2  o . o  o . o  
o . o  0 . 2  o . a  o . o  
o . o  o . o  o . o  o . o  
0 . 1  0 , 3  0 . 1  o . o  
12 . l  2 . 3  7 1 . 0  0 . 0  
o . o  0 . 1  l . 8  o . o  
a . 1  a . o  a . o  o . a  
1 . 4  1 . 0  7 . 3  2 . 9 
0 . 7  1 . 2  1 . 9  o . a  
A ug  4 Aug 1 8  
a . 4  o . a 
7 . 0  0 . 2  
o . o ·  o . o  
O . l 0 . 2  
o . o  o . o  
0 . 1 o . o  
0 . 1  o . o  
0 , 1  o . o  
l . l  0 . 2  
0 . 1  o . o  
o . o  o . o  
0 . 0  o . o  
o . o  o . o  
2 . 1  7 , 0  
o . o  o . o  
a . a  o . o  
2 . 2  1 . 5  
o . o  o . o  
Sept 2 Oct l 
2 . 3 2 . 6 
34 . 3  0 . 2  
o . o  0 . 0  
o . o  o . o  
o . o  0 . 0  
68 . 0  o . o  
o . o  o . o  
2,. 6 0 , 6  
3 . 5 . 2 . 0  
o . o  0 . 1 
o . o  o . o  
o . o  0 . 0  
o . o  0 . 1  
1 7 . 4  1 5 . 3  
o . o  o . o  
a . l o . a  
3 . 2  1 . 4  
o . o  o . o  
Nov 1 1  
2 . 6  
a . o  
o . o  
o . o  
o . o  
o . o  
o . o  
0 . 1  
0 . 1  
o . o  
o . o  
o . o  
0 . 0  
0 . 2  
o . o  
a . a  
0 . 6  
o . o  
[\) 
Q) 
2 7  
Inv e r t e br a t e  popula tions s howed a trimo da l tr end d uring the 1 9 70 
s eason ( Fig . 2 ) . The fir s t  and l ar ge s t  maximum occur r e d  in May for 
b o t h  t r eatmen t s . Other p o pu l a tion peaks occur r e d  in J u l y  and S ep t em-
b e r . 2 Mean maximum numbe r s  on May 22 wer e 9 9 4/m for t h e  g r a z e d  t rea t -
men t  and 1 8 4 1 /m
2 
for t h e  un grazed treatment . On Jul y 7 ,  t h e  mean 
. 2 2 
maximum number s wer e 6 1 5/m for the grazed and 3 2 5/m for t h e  ungrazed 
t r eatmen t . Th e mean numb e r s  on S e p t ember 3 wer e 1 6 1 1/m
2 
and 9 1 2 /m
2 
for the grazed and ungra z e d  tr eatment s  r e s pectiv e l y . 
Lar ge numb er s o f  Ar achnida , Entomo b r yidae , and Formicidae we r e  
the mo s t  numer o us inve r t e b r a t e s  during the perio ds i n  May an d Ju l y  
whe n  t h e  f i r s t  t wo popu l a t i o n  peaks we r e  d e t ec t e d . The t hir d peak in 
1 970 was due t o  large populat i ons o f  Ps e udococcidae in a d di tion t o  
hig h numb e r s  o f  Ar achnida a n d  For micidae . 
Fiv e peak s in po pula tion numbers occur r e d  in b o th t r eatme n t s  during 
the 1 97 1  s eason in May , June , Jul y , S e � em ber , and Nov ember ( Fig . 3 ) . 
Mean max imum numbe r s  for the grazed and ungrazed treatmen t s  wer e  
8 9 5/m2 and 2 00 8/m2 o n  May 4 ,  6 1 4/m
2 and 2 1 64/m2 o n  June 9 ,  1 6 1 9/m2 
and 1 2 3 1 /m
2 
on Jul y  7 , 4 7 1/m
2 
and 1 5 9 9/m
2 
on S e ptember · 2 , and 1 533/m2 
2 
and 2 0 6 6 /m on Nov ember 1 1 . 
Taxa cau sing the fir s t  two peaks in 1 971 wer e  lar ge n umb e r s o f  
Arachn i da , En tomo b ryidae , C ecidomyii dae , and Formicidae , I nc r e a s e s  in 
the number of Thripidae and � e udococcidae we r e  r es ponsib l e  f o r  t h e  
Ju l y  peak . The high poin t in S e pt embe r was c aus e d  b y  lar g e  numb e r s  
2 2 00 
1 8 00 
C\l � 1 400 
� (\) ,.Q 
s �j z 
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S e p t ember 
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1 1 1  
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F i g . 3 .  Insect numbe r s  per m2 on the un grazed and . grazed tr eatme n t s  at C o t t onwo od i n  1 9 7 1 . 
M {O 
30 
of Ps eud o c o c c i dae , and i n cr ea s e s in Co l l embo la and Thy s ano p t e r a  wer e 
r e s pons i b l e  for t h e  h i gh popula t i on number s i n  Novemb e r . I n  1 9 7 0  a nd 
1971 , popula t i ons peak e d  at t h e  same time on b o t h  t h e  grazed and un -
grazed t r eatmen t s . 
As see n  i n  t he above graph s , t h e r e  appear s t o  be a c or r e l a t i o n  
be tween r a i n fa l l  and t h e  s i z e o f  i nver t e br a t e  popu lat i on s . Pr e cip i -
tat i on was near norma l a t  C o t t o nwood i n  19 7 0
.
and 19 71 ( F i g . 4 ) ; and 
when pr e cip i t a t i on o c curr e d , i nver t e br a t e numbe r s  i ncr e a s ed. The 
mean annua l ra i n fa l l a t  t h e  Co t t onwood site from 1910 t o  1967 is 15. 22 
i n c he s . In 19 70 a n d  19 7 1 , t h e  pr e c i pitat i on r e corded t h e r e  wa s 1 2 . 3 0  
a n d  17. 9 8  in ches r e s pe c tive l y . S i n c e  thes e wer e s omewha t t y pica l 
yea r s , i nve r t e br a t e  popula t i o ns appar ent l y  wer e no t adv e r s el y  a f f e c t e d  
b y  e i t her t o o  l i tt l e  o r  t oo much pr e c i p i ta t i on . 
I nve r t e brate B i omas s 
Inver t e bra t e  b i oma s s  i n  1 9 71 c l o s e l y  fo l l owed t he �a t t e r n  of 
i nver t e b r a t e  numb e r s  wi t h  peaks o c curr i ng i n  May , Jun e , J u l y , and 
S e p tember on the ungra z e d  t r ea t ment and in May , Ju l y , Augus t , S e ptem-
ber , an d  Nov ember o n  the grazed t reatment ( F ig . 5 ) .  No bioma s s  
f i gur e s  ar e ava i l a b l e  for the 1970 data. The mean m i nimum and mean 
2 
max i mum b i oma s s on t he graz ed t r eatme n t  wer e  0 . 016g/m on May 2 2  and 
0 . 2 0 0 g/m2 on Ju l y  7 .  The mean m i n imum and mean max imum o n  t h e  ungrazed 
U) 
(j.) 
5 . 5  
4 . 5 
3 . 5  
-5 · 2 . 5  -
c 
H 
1 . 5  
. 5  
- ·  - 1 9 7 0  
- - 1 9 71 
- Average 
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F i g . 5. I n s e c t  b i omas s  ( grams/m2 ) on the ungrazed and grazed treatmen t s  at Cottonwood i n  1 9 7 1 . 
J 
w tv 
3 3  
t reatmen t were 0 . 042 g/m
2 o n  May 2 2  a nd 0 .  2 3 0g/m2 o n  S e p t ember 
2 . 
Dip l o poda and �Ps e udococcidae were t axa having t h e  grea t e s t  
biomas s i n  1 97 0  and 1 9 7 1  ( Ta b l e s  5 ,  6 ,  7 ,  and 8) . Th e gr eat e s t  bio-
mas s  of Dip l o poda wa s 0 . 687g/m
2 
co l l ected from the ungra z e d  trea tment 
on J u l y  7 ,  1 9 7 0  ( Tab l e  5 ) . Th e highe s t  biomas s  o f  Ps eudococcidae was 
0 . 170g/m
2 
co l l ec t e d  from t h e  grazed trea tment on Aug us t 2 0 , ·1970 
( Ta b l e  6 ) . Taxa co n t aining sma l l  numbers of large individua l s  such 
as Acridida e ,  Gry l l idae , and D i plopoda have greater s igni ficance
.
wh en 
biomas s  is consider e d , wh i l e the signi ficance o f  taxa con ta i ning ex-
t r eme l y l a r g e  n u m h � r s  o f  sma l l in d i v i dua l s  s uch as Ara chnida is r e-
duce d . 
Trophic S tructure 
2 
Tab l e s  9 ,  1 0, 1 1 , a nd 12 g i ve the mean numb er/m o f  inver t e bra t e s 
in t he maj or ca t egorie s  o f  f e e ding t y pes . The r e  ar e 7 o f  t he s e  
cat egories l i s t e d  p l us a cat egory o f  ' unknown ' . This l a t t er ca t eg ory 
is compo s e d  a lmo s t  e n tir e l y  o f  Arachn ida f or which f e e ding ha bi t
s  are 
dif ficu l t  to d e t e rm i ne wit h o ut s e parating to much lower ta
xonomic 
unit s . Fur ther d i s c us s ion of tro phic s truc t ur e  exc l ud
e s  t hl s ' unknown ' 
cat egory . 
Table 5.--Biomass (g�am.s/m2 f of invertef;>rates taken from thn ungrazed treatment at Cot tonwood in 1970 . 
Order or Class Fami l y May 8 May 22 June 8 Jur.e 22 Jul y  7 Aug 4 Aug 2 0  Sept 3 Oct 2 Nov 6 Dec 4 
Chilopoda o . ooo 0 . 005 o . ooo o . ooo o . ooo 0 . 000 o . ooo 0 . 002 o . ooo 0 . 002 o . ooo 
Dipl opoda 0 . 000 0 . 012 0 . 01 2  o . ooo 0 . 687 o . ooo o . ooo 0 . 107 0 . 083 o . ooo o . ooo 
Arachnida 0 . 001 0 . 006 o . ooo 0 . 000 0 . 001  o . ooo 0 . 002 0 . 005 0 . 002 0 . 001  0 . 001. 
Collembola 
Entomobr y i dae 0 . 007 0 . 068 o . ooo 0 . 000 o . ooo o . ooo o . ooo 0 . 000 0 . 000 0 . 00 3  0 . 000 
Sminthur i dae 0 . 000 o . ooo 0 . 000 0 . 000 0 . 001 0 . 000 o . ooo 0 . 000 o . ooo o . ooo 0 � 007 
Or thoptera 
Acr i d ida� 0 . 020 0 . 027 0 . 041  0 . 007 0 . 020 o . ooo 0 . 001 o . ooo o . ooo 0 . 000 0 . 06 1  
Gry l l idae 0 . 001 0 . 00 3  0 . 008 0 . 004 o . ooo o . ooo 0 . 000 0 . 008 0 . 001  0 . 001 0 . 00 1  
Thy sanoptera 
Thr i p i dae o . ooo 0 . 000 0 . 001 o . ooo 0 . 000 o . ooo o . ooo o . ooo o . ooo o . ooo 0 . 000 
Hemiptera 
Lygae idae 0 . 001 0 . 001 o . ooo o . ooo 0 . 001 0 . 002 0 . 002 0 . 002 o . ooo 0 . 001  o . ooo 
Pentatomidae o . ooo o . ooo o . ooo o . ooo 0 . 000 o . ooo o . ooo 0 . 001  0 . 002 0 . 002 0 . 001 
P i esmat idae o . ooo o . ooo 0 . 000 0 . 000 0 . 000 o . ooo o . ooo 0 . 001 o . ooo 0 . 000 o . ooo 
Ting i dae 0 . 000 0 . 003 0 . 001 0 . 000 o . ooo o . ooo 0 . 000 o . ooo 0 . 000 o . ooo o . ooo 
Homoptera 
C i cadel l idae o . ooo 0 . 000 0 . 002 0 . 001 0 . 009 o . ooo 0 . 001 0 . 001 o . ooo 0 . 001  o . ooo 
Pseudococc idae 0 . 003 0 . 002 0 . 001 o . po2 0 . 002 0 . 006 0 . 050 0 . 026 0 . 029 0 . 007 0 . 008 
Coleoptera Carab idae 0 . 002 0 . 005 0 . 002 0 . 002 0 . 008 0 . 007 0 . 002 0 . 002 o . ooo 0 . 005 0 . 00 3  
Chrysomel idae 0 . 000 0 . 003 o . ooo o . ooo o . ooo o . ooo 0 . 000 0 . 002 0 . 00 3  0 . 002 0 . 001 
C l er idae o . ooo o . ooo o . ooo 0 . 003 o . ooo o . ooo o . ooo 0 . 000 o . ooo ·0 . 000 o . ooo 
Curcul ionidae o . ooo 0 . 002 0 . 001 0 . 001  o . ooo o . ooo. o . ooo o . ooo o . ooo 0 . 000 o . ooo 
Elater idae o . ooo 0 . 001 o . ooo 0 . 000 o . ooo o . ooo o . ooo 0 . 001 o . ooo o . ooo o . ooo 
Lathr idiidae 0 . 001 0 . 002 0 . 001 0 . 001 0 . 004 0 . 002 0 . 001 0 . 002 o . ooo 0 . 001 0 . 001 
Mordel l i dae 0 . 002 0 .- 003 0 . 001 0 . 001 o . ooo o . ooo o . ooo o . ooo o . ooo o . ooo o . ooo w � 
Table 5 .  (Cont inued )  
Order or Class Family May 8 May 22 June 8 
Scarabaei dae 0. 002 0 . 00 1  o . ooo 
Staphy l in idae o . ooo 0 . 001 o . ooo 
Tenebr ion idae o . ooo 0. 000 0. 000 
Lepidoptera 
Gelech i idae 0. 000 o . ooo o . ooo 
Diptera 
Cec idomy i idae o . ooo o . ooo 0 . 000 
Hymenoptera 
Form i c i dae 0 . 00 1  0 . 021 0 . 007 
I chneumoni dae o . ooo o . ooo 0. 002 
a 
Rounded to three dec imal places 
June 22 July 7 Aug 4 Aug 20 
0.000 0 . 00 1  0. 000 o . ooo 
0. 000 o . ooo o . ooo 0. 000 
o . ooo 0. 003 o . ooo o . ooo 
0 . 002 0. 001 G . 000 o . ooo 
o . ooo o . ooo o . ooo 0. 000 
0 . 009 0 . 01 0  0. 001 . 0 . 000 
0 . 000 o . ooo o . ooo o . ooo 
Sept 3 Oct 2 
o . ooo 0. 000 
o . ooo o . ooo 
o . ooo o . ooo 
o . ooo 0 .000 
0 . 00 1  0. 002 
0 . 005 o . ooo 
o ;ooo 0. 001 
Nov 6 
o . ooo 
0. 000 
0. 000 
o . ooo 
0. 001 
o . ooo 
o . ooo 
Dec 4 
o . ooo 
0. 001 
o . ooo 
o . ooo 
0. 002 
0. 000 
o . ooo 
w CJ1 
Table 6 . -- Biomass ( grams/m2 f �f invertebrates taken from tt.e grazed treatment at. Cottonwood ln 1 970 . 
Order or Class Fami l y  Ma y  8 May 22 June 8 June 22 July 7 Aug 4 Aug 2 0  Sept 3 Oct 2 Nov 6 Dec 4 
Chilopoda 0 . 000 o . ooo o . ooo o . ooo 0 . 00 1  o . ooo o . ooo o . ooo o . ooo o . ooo 0 . 00 0  
Diplopoda 0 . 000 o . ooo · 0 . 000 0 . 000 o . ooo o . ooo 0 . 000 o . ooo o . ooo 0 . 003 o . ooo 
Arachni da 0 . 002 0 . 005 o . ooo o . ooo 0 . 00 3  o . ooo 0 . 002 0 . 004 o . ooo 0 . 00 1  o . ooo 
Col lembola 
· Entomobr y i dae 0 . 002 0 . 001 0 . 001 0 . 000 0 . 005 o . ooo o . ooo o . ooo o . ooo o . ooo o . ooo 
Sminthur idae o . ooo o . ooo 0 . 00 4  0 . 004 0-. 002 o . ooo o . ooo 0 . 002 0 . 000 o . ooo o . ·ooo 
Orthoptera 
Acr ididae 0 . 007 o . ooo o . ooo 0 . 007 0 . 020 0 . 000 o . ooo 0 . 000 o . ooo 0 . 007 o . ooo 
Gry l l idae o . ooo 0 . 000 o . ooo o . ooo 0 . 005 o . ooo o . ooo 0 . 000 0 . 002 o . ooo o . ooo 
Thysanoptera 
Thr ipidae o . ooo o . ooo o . ooo 0 . 000 0 . 000 o . ooo 0 . 001 o . ooo o . ooo 0 . 000 o . ooo 
Hemiptera 
Corimelaenidae 0 . 000 o . ooo 0 . 001 0 . 000 o . ooo o . ooo 0 . 000 o . ooo o . ooo o . ooo o . ooo 
Lygaeidae 0 . 00 3  0 . 01 0  o . ooo 0 . 002 0 . 006 0 . 00 1  0 . 00 3  0 . 007 o . ooo o . ooo o . ooo 
Mir idae o . ooo o . ooo 0 . 004 0 . 000 0 . 001 o . ooo o . ooo o . ooo 0 . 000 o . ooo 0 . 000 
Phymatidae o . ooo 0 . 000 o . ooo 0 . 000 0 . 001 0 . 000 o . ooo o . ooo o . ooo · o . ooo o . ooo 
Homoptera 
Cercopidae o . ooo o·. ooo 0 . 00 1  o·. ooo 0 . 001 o . ooo o . ooo o . ooo o . ooo o . ooo o . ooo 
Ci cadel l idae o . ooo o . ooo 0 . 00 1  0 . 022 o . ooo o . ooo o . ooo 0 . 000 0 . 000 0 . 002 0 . 002 
Pseudococc i dae 0 . 004 0 . 007 0 . 002 0 . 00 3  0 . 006 0 . 006 0 . 1 70 0 . 1 6 4  0 . 081 0 . 0 30 0 . 02 1  
Coleoptera 
Carabidae 0 . 002 0 . 005 0 . 00 1  0 . 002 0 . 006 0 . 001 0 . 001 o . ooo 0 . 000 o . ooo 0 . 000 
Chrysomel idae o . ooo o . ooo 0 . 001 o . ooo o . ooo o . ooo o . ooo 0 . 00 1  0 . 004 0 . 00 3  0 . 00 1  
Cocc inell idae 0 . 000 o . ooo o . ooo 0 . 000 o . ooo o . ooo o . ooo 0 . 001 o . ooo o . ooo 0 . 000 
Cur culioni dae o . ooo o . ooo o . ooo o . ooo o . ooo o . ooo o . ooo 0 . 001 o . ooo 0 . 000 o . ooo 
Elater idae 0 . 000 0 . 000 o . ooo o . ooo o . ooo o . ooo o . ooo o . ooo 0 . 000 o . ooo 0 . 001 w 
Scarabaeidae 0 . 005 0 . 01 3  o . ooo o . ooo 0 . 01 0  o . ooo 0 . 002 o . ooo o . ooo o . oo o  o . oo o  0) 
Table 6 .  (Continued ) 
Order or Class Fam i l y  Ma y  8 May 22 June 8 June 22 
Staphyl i n i dae o.ooo 0 . 001 0 . 000 o.ooo 
Tenebr ion i dae o.ooo o.ooo 0 . 000 0 . 000 
Neuroptera 
Hemerob i i dae 0 . 000 0 . 000 o.ooo 0 . 000 
Lepidoptera 
Ar ct i i dae o.ooo 0 . 000 0 . 000 0 . 000 
Hymenoptera 
For m i c i dae 0 . 002 · 0 . 025 0 . 016 0 . 009 
lchneumoni dae o.ooo o.ooo . 0 . 001 0 . 00 1  
aRounded t o  t hree dec imal places 
, ;  
Ju l y  7 Aug 4 Aug 20 Sept 3 
0 . 001 o.ooo o.ooo 0 . 000 
o.ooo 0 . 000 o.ooo 0 . 000 
o.ooo 0 . 000 0 . 001 o.ooo 
0 . 000 o.ooo 0 . 000 o.ooo 
0 . 014 0 . 000 o.ooo 0 . 002 
o.ooo o.ooo o.ooo 0 . 000 
Oct 2 Nov 6 
o.ooo o.ooo 
0 . 003 o.ooo 
0 . 000 o.ooo 
o .ooo 0.000 
0 . 000 o.ooo 
o.ooo o.ooo 




0 . 001 
o.ooo 
0 . 000 
w ...J 
Tabl e  7 . - - Biomass ( grams/m
2 f of i nver tebrates ·taken from t he ungrazcd treatment at Cot tonwood in 1 97 1 . 
Order or Class Fam i l y  Apr 2 Apr 1 7  Ma y  4 May 22 June 9 June 2 3  Jul y  7 Jul y  2 1  Aug 4 Aug 1 8  
Ch i l opoda 0 . 001 0 . 002 0 . 006 o . ooo 0 . 0 1 4  o . ooo o . ooo 0 . 000 o . ooo 0 . 000 
Diplopoda 0 . 064 0 . 025 0 . 02 4  0 . 008 0 . 0 30 o . ooo 0 . 064 0 . 000 o . ooo o . ooo 
Arachn i da 0 . 002 0 . 006 0 . 009 0 . 006 0 . 01 0  o . ooo 0 . 00 4  . 0 . 000 0 . 001 o . ooo 
Col lembo la 
Entomobry i dae 0 . 0 12 0 . 027 0 . 0 40 o . ooo 0 . 02 9  0 . 00 1  o . ooo o . ooo o . ooo o . ooo 
Sminthur i dae 0 . 00 3  0 . 002 0 . 001 o . ooo 0 . 009 o . ooo 0 . 003 o . ooo o . ooo o . ooo 
Orthoptera 
Acr id idae 0 . 020 0 . 007 0 . 0 1 4  o . ooo 0 . 0 1 4  o . ooo o . ooo 0 . 0 54 0 . 007 0 . 01 4  
Gry l l idae o . ooo o . ooo 0 . 01 3  0 . 005 o . ooo o . ooo 0 . 006 o . ooo 0 . 003 0 . 000 
Thysanoptera 
Phloeothr ipidae 0 . 000 o . ooo 0 . 001 o . ooo 0 . 0�1 0 . 003 0 . 00 1  o . ooo o . ooo o . ooo 
Thr ipidae o . ooo 0 . 00 1  0 . 00 1  0 . 005 0 . 002 0 . 006 0 . 022 0 . 00 1  0 . 001 0 . 001 
Hemi ptera 
I 
Coreidae 0 . 000 o . ooo o . ooo o . ooo o . ooo o . ooo o . ooo o . ooo o . ooo o . ooo 
Cor imelaenidae o . ooo o . ooo 0 . 001 o . ooo 0 . 000 O . QOO o . ooo 0 . 001 o . ooo. o . ooo 
Cor i zidae o . ooo 0 . 000 0 , 000 o . ooo o . ooo o . ooo o . ooo o . ooo o . ooo o . ooo 
Lygae idae 0 . 002 0 . 004 0 . 002 0 , 000 0 . 002 o . ooo 0 . 004 0 . 001 0 . 001 o . ooo 
Mir i dae o . ooo o . ooo o . ooo o . ooo o . ooo 0 . 001 o . ooo o . ooo o . ooo o . ooo 
Nabi dae o . ooo o . ooo o . ooo o . ooo · 0 . 001 0 . 001 0 . 001 0 . 000 o . ooo 0 . 000 
Pentatomidae 0 . 001 o . ooo o . ooo o . ooo o . ooo 0 . 001 0 . 004 0 . 00 3  0 . 004 0 . 002 
Phymatidae o . ooo o . ooo 0 . 001 o . ooo 0 . 000 o . ooo· 0 . 001 0 . 001 o . ooo 0 . 001 
Reduv i i dae o . ooo 0 . 000 o . ooo o . ooo o . ooo o . ooo 0 . 001 o . ooo o . ooo o . ooo 
Tingidae o . ooo o . ooo 0 . 002 o . ooo 0 . 000 o . ooo o . ooi o . ooo o . ooo o . ooo 
Homoptera 
Cercopidae o . ooo o . ooo o . ooo o . ooo o . ooo o . ooo o . ooo 0 . 001 0 . 001 o . ooo 
Sept 2 Oct 1 
0 . 001 0 . 005 
0 . 0 1 3  0 . 059 
0 . 006 0 . 006 
0 . 001 0 . 00 3  
o . ooo 0 . 00 1  
0 . 0 1 4  0 . 02 0  
0 . 00 3  0 . 01 6  
0 . 000 0 . 000 
0 . 00 3  0 . 0 1 1  
o .
'
ooo . o . ooo 
0 . 000 o·. ooo 
0 . 000 0 . 000 
0 . 005 0 . 00 3  
o . ooo o . ooo 
o . ooo 0 . 000 
o . ooo 0 . 00 1  
0 . 00 1  0 . 001 
o . ooo o . ooo 
o . oo o  o . ooo 
o . ooo o . ooo 
Nov 1 1  
0 . 00 3  
0 . 00 8  
0 . 01 0  
0 . 00 9  
0 . 009 
o . ooo 
0 . 002 
0 . 00 6  
0 . 02 5  
0 . 0 1 2  
0 . 000 
0 . 00 5  
0 . 00 3  
o . ooo 
0 . 00 1  
0 . 00 3  
0 . 001 
o . ooo 
o . ooo 
o . ooo 
w 00 
Table 7. (Con t inued ) 





Ci cade l l i dae 0 . 00 4  0 . 020 0 . 02 1  0 . 00 3  0 . 00 3  
Membracidae 0 . 006 0 . 002 0 . 005 0 . 002 0 . 004 
Ps eudococ c i dae 0 . 0 1 1  0 . 0 1 9  0 . 007 0 . 00 3  0 . 007 
Anth i c idae 
Carab idae 
Chrysome l i dae 
Coc c i ne l l i dae 
Cur cu l i on i dae 
Elater i dae 
Lathr i d i i dae 
Morde l l idae 
Pselaph i dae 
Scarabae i dae 
Scydmaenidae 





Cec idomy i i dae 
Chironomidae 
Psychod idae 
0 . 000 . o . ooo 0 . 002 
0 . 00 3  0 . 004 0 . 006 
0 . 002 0 . 00 8  0 . 0 36 
0 . 000 
0 . 000 
o . ooo 
0 . 001 
0 . 000 
o . ooo 
o . ooo 
o . ooo o . ooo 
0 . 000 0 . 00 1  
0 . 00 1  0 . 00 3  
0 . 00 3  0 . 00 4  
o . ooo 
0 . 000 
0 . 00 1  
o . ooo 
0 . 001 
0 . 00 3  
0 . 001 o . ooo o . ooo 
0 . 001 o . ooo 0 . 001 
o . ooo 
o . ooo 
0 . 001 
o . ooo 
0 . 000 o . ooo 
0 . 000 o . ooo 
0 . 006 0 . 005 
o . ooo o . ooo 
o . ooo 
0 . 002 
0 . 0 1 1  
0 . 000 
0 . 001 
0 . 001 
0 . . 001 
o . ooo 
0 . 000 
o . ooo 
0 . 000 
o . ooo 
o . ooo 
0 , 000 
0 . 002 
o . ooo 
0 . 004 o . oos 0 , 009 0 . 003 
0 . 007 0 . 001 0 . 020 o . ooo 
o . ooo o . ooo o . �oo o . ooo 
0 . 002 
0 , 00 (  
0 . 00 4  
o . ooo 
0 . 00 3  
0 . 002 
0 . 002 
0 . 035 
0 . 001 
0 . 002 
o . ooo 
0 , 001 
o . ooo 
o . ooo 
0 . 004 
o . ooo 
0 . 009 
o . ooo 
o . ooo· 
Formi c i dae 0 . 000 
I chneumon idae O . ooo 
0 . 002 0 . 009 0 . 002 0 . 017 
o . ooo o . ooo o . ooo o . ooo 
8
Rounded to three dec imal places 
0 . 0 1 7  0 . 02 7  
0 , 000 0 . 002 
0 . 0 1 4  0 . 0 3 1  
0 . 000 
0 . 001 
0 . 00 1  
0 . 000 
0 . 000 
0 . 00 1  
o . ooo 
0 . 0 1 2  
0 . 000 
o . ooo 
0 , 000 
o . ooo 
0 . 022 
0 . 000 
o . ooo 
0 . 004 
0 . 00 3  
0 , 008 
o . ooo 
0 . 002 
0 . 001 
0 , 000 
0 . 00'4 
0 . 00 4  
o . ooo 
0 . 00 1  
0 . 00 1  
0 . 006 
0 . 0 1 5  
o . ooo 
o . ooo 
o . ooo 
o . ooo 
0 . 026 
o . ooo 
0 . 001 
o . ooo 
0 . 005 
o . ooo 
o . ooo 
0 . 0 12 
0 . 001 
0 . 00 3  0 . 022 
0 . 00 3  0 . 01 2  
0 . 01 2  0 . 022 
0 . 001 0 . 007 0 . 002 
0 , 0 1 2  0 . 000 0 . 000 
0 . 069 0 . 1 06 0 . 02 1  
o . ooo 
o . ooo 
0 . 00 1  
0 . 00 1  
0 . 000 
o . ooo 
0 . 00 1  
o . ooo 
o . ooo 
o . ooo 
o . ooo 
o . ooo 
o . ooo 
o . ooo 
o . ooo 
o . ooo 
0 , 000 
0 . 000 
o . ooo 
0 . 000 
o . ooo 
o . ooo 
0 . 002 
o . o oo 
0 . 000 
o . ooo 
0 . 000 
0 . 001 
o . ooo 
0 . 00 1  
0 . 000 
o . ooo 
o . ooo 
o . ooo 
o . ooo 
0 . 000 o . ooo 
o . ooo . o . ooo 
o . ooo o . oob 
o . ooo o . ooo 
o . ooo o . oo o  
o . ooo 
o . ooo 
o . ooo 
0 . 000 
o . ooo 
0 . 001 
o . ooo 
0 . 000 
o . ooo 
o . ooo 
o . ooo 
o . ooo 
o . ooo 
o . ooo 
0 . 001 o . ooo 
0 . 00 8  0 . 008 
0 . 002 0 . 00 4  
0 . 000 0 . 000 
0 . 00 1  0 . 00 1  
o . ooo o . o oo 
0 . 004 0 . 00 4  
0 . 001 o . ooo 
o . ooo o . ooo 
o . ooo 0 . 000 
0 . 00 1  o . ooo 
o . ooo 0 . 00 1  
.0 . 0 1 3  o . ooo 
o . ooo . 0 . 00 1  
0 . 00 1  0 . 007 
0 . 00 1  o . ooo 
0 . 002 0 . 001 
0 . 008 o . ooo 
0 . 01 4  o . ooo 
o . ooo 
o . ooo 
o . ooo 0 . 008 0 . 002 
0 . 000 0 . 001 o . ooo 
0 . 006 
o . ooo 
0 . 01 5  
o . ooo 
0 . 008 
0 . 005 
o . ooo 
0 . 001 
0 . 001 
0 . 007 
o . ooo 
0 . 000 
0 . 000 
o . ooo 
0 . 001 
o . ooo 
0 . 012 
0 . 01 4  
o . ooo 
0 . 00 4  
0 . 0 1 2  
0 . 0()(). 
o . ooo 
o . ooo 
w (D 
Table 8 . -- Biomass (grams/�2 f" of invertebrates . taken from the grazed treatment at Cot tonwooq in 1971 . 
Order or Class 
Di plopoda 
Arachnida 






Family Apr 2 Apr 1 7  May 4 May 22 June 9 June 23 July 7 Jul y 21 Aug 4 Aug 18 Sept 2 Oct 1 Nov 11  
o . ooo o . ooo o . ooo 0 . 000 o . ooo 
o . ooo 0 . 002 0 . 00 3  0 . 002 0 , 00 3  
Entomobryidae 0 . 001 0 . 0 1 4  0 , 0 38 0 , 001 
Sminthur idae 0 . 000 0 . 000 0 . 000 0 , 000 
0 . 002 
o . ooo 
Acr id idae 
Gry H i dae 
o . ooo o . ooo 0 , 007 o . ooo o . ooo 
o . ooo o . ooo o . ooo 0 , 000 0 . 000 
Phloeothr i pidae 0 , 000 0 , 000 0 . 000 0 , 000 0 , 000 
Thr i pidae 0 , 000 0 . 000 0 , 000 0 . 000 0 . 000 
Cor ime laeni dae 








Ci cadel l i dae 
Pseudococ c idae 
Anthicidae 
Carabidae 
o . ooo 
o . ooo 
0 . 001 
o . ooo 
o . ooo 
o . ooo 
o . ooo 
o . ooo 
o . ooo 
0 . 0 1 1  
0 . 02 4  
o . ooo o . ooo 
o . ooo o . ooo 
0 . 002 0 . 001 
o . ooo o . ooo 
o . ooo o . ooo 
o . ooo o . ooo 
o . ooo o . ooo 
o . ooo o . o oa 
o . ooo o . ooo 
0 . 002 0 . 001 
0 . 0 32 0 . 0 16 
o . ooo . o . ooo 
o . ooo o . ooo 
o . ooo o . ooo 
o . ooo 0 . 000 
o . ooo o . ooo 
o . ooo o . ooo 
o . ooo 0 . 001 
o . ooo 
o . ooo 
o . ooo 
0 . 008 
o . ooo 
o . ooo 
o . ooo 
0 . 027 
o . ooo o . ooo o . ooo o . ooo 
0 . 000 0 . 00 3  0 . 002 o . ooo 
o . ooo 
0 . 001 
0 . 000 o . ooo o . ooo 0 . 000 o . ooo 0 . 000 0 . 002 
o . ooo 0 . 004 o . ooo 0 . 000 o . ooo 0 . 00 1  0 . 00 3  
0 . 000 
0 . 001 
o . ooo 
0 . 001 
o . ooo 
0 . 000 
o . ooo 
o . ooo 
o . ooo 
o . ooo 
o . ooo 0 . 00 3  
o . ooo 0 . 001 
o . ooo o . ooo 0 . 0 1 4  o . ooo 0 . 007 o . ooo o . ooo 
o . ooo o . ooo o . ooo o . ooo o . ooo 0 . 00 3  0 . 00 3  
o . ooo 0 . 001 0 . 000 o . ooo o . ooo o . ooo o . ooo 
o . ooo 0 . 001 o . ooo 0 . 001 o . ooo o . ooo o . ooo 
o . ooo 
o . ooo 
o . ooo 
0 . 00 1  
o . ooo 
0 . 000 
o . ooo 
o . ooo 
0 . 008 
0 , 008 
0 . 070 
0 . 001 
o . ooo 
0 . 006 
o . ooo 
o . ooo 
o . ooo 
o . ooo 
0 . 002 
o . ooo 
0 . 01 3  
0 . 1 4 1  
0 . 001 
o . ooo 
0 . 002 
o . ooo 
o . ooo 
0 . 002 
o . ooo 
0 . 000 
0 , 007 
0 . 002 
0 , 033 
o . ooo o . ooo o . ooo 
0 � 000 0 . 002 0 .001 
0 . 001 
o . ooo 
0 . 001 
o . ooo 
o . ooo 
o . ooo 
o . ooo 
o . ooo 
o . ooo 
0 . 0 1 8  
0 , 02 7  
o . ooo 
0 . 001 
0 . 000 
o . ooo 
0 . 003 
o . ooo 
o . ooo 
0 . 001 
0 . 000 
o . ooo 
o . ooo 
0 , 001 
0 , 049 
o . ooo 
0 . 002 
o . ooo 0 . 000 
o ..  ooo 0 . 002 
0 . 004 0 , 007 
o . ooo o . ooo 
0 . 000 o . ooo 
o . ooo o . ooo 
o . ooo o . ooo 
o . ooo 0 . 000 
o . ooo o . ooo 
0 . 00 5  0 , 002 
0 . 02 4 0 . 022 
0 . 001 · o . ooo 
0 . 005 0 , 007 
0 . 002 
0 . 002 
0 . 105 
0 . 006 
o . ooo 
o . ooo 
o . ooo 
o . oo o  
o . ooo 
0 . 0 1 0  
0 . 004 
o . ooo 
0 . 001 
o . ooo 
0 . 000 
o . ooo 
o . ooo 
0 . 001 
0 . 011  
o . ooo 
0 .001 
� 0 
Table 8 .  (Cont i nued ) 
Order or Class Fam i l y  Apr 2 Apr 17 May 4 May 22 
Chrysome l i dae 0 . 005 0 . 006 0 . 004 0 . 001 
Coccine l l idae 0 . 000 o . ooo 0 . 000 o . ooo 
Curcu l i on idae o . ooo 0 , 000 0 . 001 o . ooo 
Elateri dae o . ooo o . ooo 0 . 000 o . ooo 
Lathr i d i idae 0 . 00 0  0 , 000 o . ooo 0 . 000 
Mordel l i dae o . ooo o . ooo 0 . 000 o . ooo 
Scarabae i dae o . ooo 0 . 009 0 . 002 o . ooo 
Neuroptera 
Hemerobi idae o . ooo o . ooo 0 . 000 o . ooo 
Lepidoptera 
Noctuidae o . ooo 0 . 000 o . ooo o . ooo 
Pha laeni dae o . ooo o . ooo 0 . 000 o . ooo 
Pyral i dae 0 , 001 0 , 002 0 . 003 0 , 004 
Tine idae o . ooo o . ooo o . ooo 0 , 000 
Diptera 
Cec idomy i i dae o . ooo 0 . 001 o . ooo 0 . 000 
Chironomidae 0 . 000 o . o oo o . ooo 0 . 000 
Psychod idae o . ooo o . ooo o . ooo o . ooo 
Hylllenoptera 
Formi c i dae o . ooo 0 . 001 0 , 001 0 . 000 
lchnewnonidae 0 . 000 o . ooo o . oo o  0 , 000 
a
Rounded to three decimal places 
June 9 June 2 3  Ju l y  7 July 2 1  
0 . 001 o . ooo 0 . 007 o . ooo 
o . ooo o . ooo 0 . 001 0 . 002 
0 . 000 o . ooo 0 . 000 o . ooo 
0 . 000 0 . 001 0 . 00 1  0 . 000 
0 . 000 o . ooo 0 , 001 0 . 000 
o . ooo o . ooo 0 . 00 3 ' o . ooo 
0 , 00 1  o � ooo 0 . 00 1  o . ooo 
o . oo o  0 . 00 1  0 . 000 o . ooo 
0 . 004 0 . 06 5  0 . 0 1 8  0 , 000 
0 . 000 o . ooo 0 . 000 o . ooo 
0 . 00 3  0 . 001 0 . 000 0 , 000 
0 . 091 o . ooo o . ooo o . ooo 
o . ooo 0 . 000 0 , 000 o . ooo 
0 . 001 o . ooo o . ooo o . ooo 
o . ooo o . ooo o . ooo o . ooo 
0 . 002 o . ooo 0 . 01 1  o . ooo 
o . ooo 0 . 00 1  0 . 020 0 . 000 
Aug 4 Aug 1 8  
0 . 002 0 . 001 
0 . 001 o . ooo 
6 . o oo o . ooo 
o . ooo 0 . 000 
o . ooo o . oo o  
o . ooo o . ooo 
0 . 000 0 . 000 
0 . 001 0 . 002 
0 . 004 () . 000 
o . ooo o . ooo 
o . ooo o . ooo 
0 . 001 o . ooo 
o . ooo o . poo 
0 . 002 o . ooo 
o . ooo o . ooo 
o . ooo 0 . 001 
o . ooo o . ooo 
Sept 2 
0 . 002 
o . ooo 
0 . 000 
o . ooo 
0 . 000 
o . oo o  
o . ooo 
o . ooo 
0 , 000 
o . ooo 
o . ooo 
o . oo o  
0 , 000 
0 . 0 1 2  
0 . 01 8  
0 . 00 3  
o . ooo 
Oct 1 
0 . 002 
o . oo o  
0 . 00 1  
0 . 00 1  
o . ooo 
o . ooo 
0 . 000 
o . ooo 
0 , 01 3  
0 . 00 1  
0 . 002 
o . ooo 
o . ooo 
o . ooo 
o . ooo 
0 . 002 
o . ooo 
Nov 1 1  
0 . 01 4  
o . ooo 
0 . 000 
0 . 001 
0 . 000 
o . ooo 
o . ooo 
0 . 000 
o . ooo 
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Ta ble 9 . --Trophi c  level compos i t i on ( mean number/m ) o f  invertebrates taken from t h e  ungrazed t reatment at Cot tonwood 
in 1 970. 
Troph i c  Level May 8 May 22 June 8 June 22 July 7 Aug 4 Aug 2 0  Sept 3 Oc t 2 Nov 6 De c 4 
Pl ant feed i ng ( t i s sue )  70. 5 376 . 0 1 7  . 9 . 7 . 0 1 2 . 9  2 . 6  2 . 6  1 2 . 0  1 . 2  36 . 0  75 . 9  
Plant feed ing ( s ap )  2 5.6 53 . 2  1 8. 3  2 2 . 8  28. l 44. 8 301 . 0  1 65. 2 1 72 . 4  46. 9 51 . 2  
P lant feedi ng ( pollen ahd nectar )' 4. 7 0 . 5 0. 5 0 . 3 0 . 1 o.o o.o 0. 0 0 . 2  o.o o.o 
Predator 8 . 2 1 43 . 4 46.4 64 . 7  69 . 6  1 0. 5  2 . 2  38. 9 1 . 4 4. 7 2 . 9  
Paras i te 1 . 1  0. 7 0.6 0 . 9  o.o o.o o.o o.o o.o o.o 0 . 0  
Scavenger 2 . 7  5.6 3 . 6 2 . 6  1 0 . 6 6 . 7 2 0 . 2  2 4 . 2 5 . 7 1 0 . 7 1 2 . 8  
Non-feeding s tage 0 . 2 1 8 . 3 o.o o.o 0 . 2 0 . 2 o.o O . l  o.o o.o o.o 
Unknown 239 . 0 1 2 43 . 8 76 . 1 1 0 5 . 3 2 03 . 6 1 04 . 7  2 76.3 671 . 2  . 31 3.6 1 99 . 2 1 28 . 7  
aaounded t o  one dec imal place 
2 a 
Table 1 0 . - -Troph i c  level compos i t ion (mean number/m ) o f  invertebrates taken from t he grazed . t reatment at 
Cottonwood in 1970 • 
. Troph i c  Level May 8 May 22 June 8 June 22 July 7 Aug 4 Aug 2 0  Sept 3 . Oc t 2 Nov 6 Dec 4 
Plant feeding ( t i s sue ) 9 . 1 1 5 . 7 52 . 3  33 . 1  68. 4  0 . 6 4. 9 2 0 . 5  1 . 4  7.2 5.3 
Plant feed ing ( sap ) 34.2 75 . 9  34 . 7  33 . 7  65.9 40 . 3  1 01 2 . 5  972 . 8  476.3 1 80 . 4 1 2 5 . 3 
P lant feed i ng ( pollen and ne ctar ) 0. 1 0 . 1 0 . 2  o.o 0 . 5 o.o o.o o.o o.o. o.o 0. 0 
Predator 1 5.0 1 70 . 7 1 1 0 . 0 60. 2  1 01 .6 2 . 9  2 . 0  2 0 . 1 1 . 3  l .  7 0. 2 
Paras i te o.o 0 . 9  0. 3 2 . 7  o.o o.o o.o o.o o.o 0 . 1 0.0 
Scavenger 0.3 1 . 6 0 . 8  o.o 1 . 9  0 . 3 5.6 2 6 . 9 1 . 5  1 . 5  1 . 8 
Non-feed ing stage 0. 1 6 . 8  3 . 0 0 . 1  0 . 3  o.o o.o 0 . 7 o.o o.o o.o 
Unknown 2 74 . 0  722 . 7  54 . 2  68 . 4 376 . 0  1 6 . 3  2 40 . 2  569 . 9 48 . 5  1 37 . 2 53 . 9  
a
Rounded to one dec imal place 
. I  
� tlJ 
Table 1 1 . --Troph ic l evel compos i t ion (mean number/m2 )a of inver tebrates taken from t he ungrazed treatment at Cottonwood in 1 9 7 1 . 
Troph i c  Level Apr 2 Apr 1 7  Ma y  4 May 22 June 9 June 23 July 7 Jul y  21 Aug 4 Aug 1 8  Sept 2 Oc t 1 Nov l l  
P lant feeding ( t i s s ue ) 1 5 3 . 2  2 90 . 2  430 . 9  38 . 6  390 . 6  40 . 4  1 7 5 . 8  1 5 . 8  2 1 . 4  1 0 . 7  5 9 , 6  1 2 5 . 7  5 1 9 . 8  
Plant feed i ng ( sap ) 76 , 9  1 42 , 3  77 . 3  2 1 . 4  5 1 . 9  1 1 8 . 3  269 . 6  8 4 . 8  1 5 5 . 5  4 1 2 . 6  647 . 0  1 46 . 4  1 88 . 0  
P l ant f eed ing ( pol len and nectar ) 0 , 1  o . o  o . o  o . o  0 . 1  1 . 4  0 . 6  0 . 1  o . o  o . o  0 . 5  0 . 9  . o . o  
Predator 1 0 . 0  1 8 . 6  72 . 0  1 5 . 9  1 26 . 0  1 5 . 8  88 . 4  3 . 2  3 . 0  3 . 9  5 9 . 5  2 5 . 4  1 0 . 1  
Paras i t e  0 . 1  1 . 4  2 . 4  1 .  7 0 . 1  0 . 2  o . o  o . o  o . o  o . o  o . o  0 . 0  o . o  
S cav enger 1 2 . 0  2 6 . l  57 . 5  2 4 . 3  46 . 7  1 7 5 . 3  1 7 . 5  3 . 5  2 . 5  0 . 5  1 3 . 3  1 1 . 8  2 0 , 3  
Non - feeding s tage o . o  0 . 0  o . o  0 . 3  0 , 1  0 , .5 o . o  o . o  0 . 0  o . o  o . o  o . o  0 . 0  
Unknown 363 , 7  9 20 . 5  1 367 . 5  8 8 1 . 8  1 5 4!3 . 5  1 57 . 9  679 . 2  57 . 2  1 07 . l  5 3 . 9  8 1 9 � 0  803 . 3 _ 1 32 7 . 6  
aRounded to one dec imal place 
2 a · Table 1 2 . - -Tr oph i c  level compo s i t ion ( mean number/m ) of i nvertebrates taken from the grazed t reatment at Cot tonwood in 1 9 7 1 . 
Troph i c  Leve l Apr 2 Apr 1 7  Ma y  4 May 22 June 9 June 2 3  J u l y  7 Ju l y  2 1  Aug 4 Aug 1 8  Sept 2 Oct 1 Nov 1 1  
P l ant f eed ing ( t is sue ) 10 . 5  1 4 4 , 5  381 . 3 1 3 . 2 27 . 3  8 . 4  36 . 2  7 , 6  1 2 . 1  2 . 6  41 . 4  36 . 8  1058 . 8  
P l an t  feed ing ( s ap )  1 5 3 . 0  1 9 3 , 7  1 00 . 4  47 , 5  1 6 3 , 5  42 3 , 7  880 . 5  209 , 0  1 8 1 . 8  300 . 8  1 5 5 . 0  1 5 5 . 3  1 34 . 8  
P l an t  f eed ing ( pol l en and nectar) 0 . 0  o . o  o . o  o . o  0 . 8  0 . 1  0 . 5  0 . 2  0 . 5  o . o  0 , 3  0 . 4  0 . 2  
Predator 0 . 3  5 . 5  6 . 7  4 . 1 1 2 . 7  2 . 7  74 . 5  5 . 1  4 . 2  8 . 7  2 1 . 2  2 0 . 9  6 . 8  
Paras i t e  o . o  o . o  0 . 1  o . o  0 . 1  0 . 3  o . o  o . o  0 . 1  o . o  o . o  o . o  o . o  
Scavenger 1 . 1  8 . 7  9 . 5  7 , 3  1 9 . 1  1 7 . 0  7 . 4  0 . 3  0 . 6  0 . 1  1 . 2 0 . 5  0 . 2  
Non -f ecding s tage o . o  o . o  o . o  0 . 1  0 . 4  0 . 2  o . o  o . o  o . o  o . o  o . o  o . o  0 . 0  
Unknown 34 . 4  3 1 4 . 6  39 6 . 6  2 40 . 0  390 . 0  88 . 4  6 1 9 . 6  35 . 6  48 . 8  40 . 6  2 5 1 . 8  342 . 2  3 3 1 . 8  
aRounded to one dec imal place · 
� w 
4 4  
I n s ect her b i vor e s  fa l l  i n t o  thr ee major cl a s s e s  bas e d  o n  t yp e  o f  
mou t h - par t s . The s e  c la s s e s ar e pie r c i n g - s ucking , bitin g -ch e w i ng , and 
s i phoning- suck i ng . The f i r s t  two t y pes i nc l ud e  near l y  a l l  t h e  
h e r b i vo r e s  co l l ec t e d  a t  C o t t o nwo o d  i n  1 970 a n d  1 97 1 . Ba s e d  o n  ana i y s i s  
o f  the data , the r e  appear s t o  b e  g r ea t er numbe r s  i n  the p i er c i n g ­
s uck ing ca t e gor y . The major taxon in this ca tegory i s  Ps e u d ococc i da e . 
I ncr eas e s  i n  the p lant f ee d i n g  (sap) cat egor y occur r e d  s i mu l t ane ous l y . 
w i t h  increa s e s  in Ps eud ococcidae numbe r s . Th� mo s t  impor tant taxon 
i n  the p lant f e e d i ng ( tissue) cat egor y appear s to be E n t omo br y i dae . 
A l t hough the plant f e e d i ng ca t egor i e s  i nc l ud �d the g r e at e r  s har e 
o f  i ns ect number s ,  t h 2  pr e da t or ca tegor y was � l s o  impor t a n t . Maj or 
taxa i n  the predator cat e gor y are Fo rmic i dae and Carab i dae .  The 
r emain i ng ca te gor i es , pa ras i t e , scavenger. ,  and non - f e e d ing s tage , co n -
taine d r e la tive l y  l ow numbe r s  o f  indiv i d ua l s . 
Seasonal Occurr e nce o f  Se l ec t e d  Taxa 
Thi s  ana l y sis ha s b e e n  ba s e d  on the rii n e  s e l ec t e d  taxa wh i c h  wer e  
found t o  b e  s i gni f i can t a t  Cot t onwo o d  f r om data ana l y s e s  i n  1 97 0 . 
I n  the cour se o f  the annual s eason o f  ins ect act i v i t y, t h er e 
wer e gener al incr eas e s  i n  t h e  numbe r s o f  each taxon i n  m id - s ummer b o t h  
year s ( Fig s . 6-24). En tomobryidae had add itiona l  extr eme peaks ear l y 
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F i g . 7 .  Oc cur rence o f  D i p l o poda at Co t tonwood i n  1 9 7 1 . Resu l t s in mean number per s quare me t er 
* . . 
are g iven for grazed (� ) and ungrazed ( E''.] ) t r eatment s . 
* No D i pl o poda co l l e c t ed on grazed t r ea tment . � � 
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Fig . 6 .  Oc cur rence o f  Di p l o poda a t  C o t t onwood i n  1 9 70 .  Re su l t s  i n  mean number per s quare meter are 
g iven f o r  grazed
·
( � )* and ungrazed (L2J ) treatment s . ( Ju l y  2 3  sampl e  m i s s ing ) 
* No Di p l o poda c o l l e c t e d  on grazed treatment . � t,: 
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Fig . 8 .  Occurrence of Arachnida at Cottonwood in 1 07 0 . Results in mean number per square meter are 
given for grazed '<IJfD and ungrazed <1!11> treatments . (July 23 sample missing )  .+::. .....J 
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Fig . 9 .  Occurrence of Arachnida at Cottonwood in 1 971 . Results in mean nWJlber per s quare meter · 
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Fig . lQ .  Occurrence of Entomobryidae at Cottonwood in 1970 . Results in mean number per square meter 
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Fig . 1 1 . Oc cur rence of Entomobry idae at Cottonwood in 1971 . Resul ts in mean number per s quare 
meter are g iven f�r grazed ( � )  and ungrazed (I.JI ) treatments . CJ'1 0 
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Fig . 12 • .  Occurrence of Acr ididae at Cottonwood in 1970 . Results in mean number per square meter are 
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ORTHOPTERA Gryll idae 








Fig . 14 � Occurrence of Gryllidae at Cottonwood in 1 9 70 . Results in mean number per square meter are 
given for grazed � )  and ungrazed - ) treatments . (July 23 sample miss ing ) C.11 w 
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F i g . 1 5 . Occurrence of Gryl l i dae at Cottonwood in 1971 . Results in mean number per square 
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Fig . 16 . Occurrence of Thysanoptera at Cottonwood in 1970 . Results in mean number per square meter are 
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Fig . 1 7 .  Occurrence o f  Ph loeothr i p idae at Cottonwood in 1971 . Results in mean number per square 
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Oc currence of Thr ip idae at Cottonwood in 1971 . 
meter are g iven for grazed ( � )  and ungrazed ( 
Resul t s  in mean number per s quare 
) treatments .  C]1 ....;i 
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Fig . 19 • Occurrence of Cicade l l idae at Cottonwood in 1 9 70 . Results in mean number per square meter 
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Fig . 20 . Occurrence of Cicadel l idae at Cottonwood in 1971 . Results in . mean number per square 
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Fig . 21 . Occurrence of Ps eudococc idae at Cottonwood in 1970 . Results in mean �umber per s quare 
meter are g iven for grazed (� ) and ungrazed <ICI )  treatments .  ( July 23 sample mis s ing ) m 0 
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Fig . 22 . Occurrence of Pseudococ c i dae at Cottonwood in 1971 . Resul t s  in mean number per s quare 
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Fig . 23 . Occurrence of Formicidae at Cottonwood in 1 9 7 0 . Results in mean number per square meter 




































Fig . 24 . Occurr ence of Form 1 c i dae at Cot tonwood in 1971 . Re s u l t s  in mean number per s quare 
meter are g iv en for grazed ( � )  and ungrazed Cl:l ) tr�atments . m w 
6 4  
i n  the s ea s o n  b o t h  year s a n d  a ga i n  near t h e  e n d  o f  t h e  s ea s on i n  1 9 7 1  
( F i g . 1 0  and 1 1 ) .  
Ano ther t axon hav i n g  s e ve r a l  f l u c t uat ions i n  popu la t i o n  n umb e r s 
was Formi c i dae ( F i g . 2 3  and 2 4 ) .  The s e  f l u c t ua t ions o cc ur r ed mor e  
o f t en o n  the ungrazed t r ea tment t han o n  the grazed t r ea t m en t . 
Sma l l numb e r s  o f  D i p l o po da , Acr i d i dae , and Gry l l i dae wer e c o l l e c t e d  
dur i ng the two s ea s o n s . I n  a dd i t ion t o  an i nc r eas e i n  n umbe r s  i n  m i d -
s ummer , e a c h  o f  t h e s e  taxa a l s o  exper i e n c ed ano t her s l i gh t  peak i n  
S e ptember and O c t o b e r  b o t h  y ear s ( F ig . 6 ,  7 ,  1 2 , 1 3 , 1 4 , a nd 1 5 ) .  A l l 
t hr e e  taxa far ed be t t er on the ungrazed t reatment . 
Lar ge numbe r s  o f  Ar a c hn i da wer e c o l l e c ted f r om b o t h  t r ea t me n t s 
each samp l ing per i o d , b u t  us ua l l y h i gher numb e r s  we r e  fo und o n  t he un -
grazed tr eatme n t . Ar achn i da populat ions peaked thr ee t imes i n  1 9 7 0  ( F i g . 
8 )  and f our t imes i n  1 9 7 1  ( F i g . 9 ) . 
Thr ee taxa , Thr i p i da e , Ph l oe o t h r i p i dae , and C i cade l l i da e , w e r e  
mor e nume rous i n  1 9 7 1  t han i n  1 9 70 . The h i ghe s t  number o f  Thys a n o pt e ra 
c o l l e c t ed i n  1 9 70 wa s 4 1 . 9/m
2 
( F ig . 1 6 ) wh i l e 1 2 3 . 2/m
2 
Thr i p i da e  ( F i g . 
1 8 ) and 2 8 6 . 3/m
2 
·Ph l oe o t h r  i p i da e  ( F i g . 1 7 ) were foun d  i n  1 9 7 1 . I n  
1 9 7 0 , 8 . 6/m2 wa s the h i gh e s t number o f C i cade l l i dae c o l l e c t e d ; however , 
2 
2 1 . 7 /m we r e  f ound i n  1 9 7 1 . 
Lar ge number s  o f  Fs e udo co c c i dae wer e  c o l l e c t e d  b o t h  y e ar s . H i g h  
peaks o c curr ed i n  Augus t o f  1 9 70 ( F i g . 2 1 ) a nd i n  Ju l y  and S e p t em b e r  
65 
of 1 9 7 1  ( F i g . 2 2 ) .  Th e s e  peaks wer e fo l l owed by a d e c l i ne i n  n umber s 
each year . 
D I S CUS S ION 
Taxonom i c  C ompo s i t io n  
Ver y l a r g e  n umber s and a great var i e t y  o f  i nver t e b r a t e s  e x i s t · 
on grass land s and have an impor t an t  r o Le i n  the t o t a l  p i c t ur e  o f  t h e  
gras s land e c o s y s t em . The n umber s and var i e t i es o f  inver t e br a t e s  ar e 
de pendent on s ev e r a l  f ac t or s . 
One v e r y  impor tant f a c t or i s  the p lant commun i t y upo n  wh i c h  a l l 
i nver t e brate s , d ir e c t l y  o r  i n d i r e c t l y , a r e  dependen t . When p la n t  
6 6  
mater i a l  i s  abundant , h e r b i v or o us i nver t e brat e s  whi ch e a t  t h i s  mat e r i a l  
ar 0 a.l s o  a rt1_!ld �rn t ; cons e qu en t l y ,  pre d a c i ous i nv.er t ebra t e s  wh i c h  f e e d  
o n  t h e  her b i vor e s  can a l s o  b e  s up po r t e d  and ar e pr e s en t  i n  l a r g e  n um -
ber s . 
Another impo r tant f a c t or i s  weather or c l imate . Fr e qu e n c y  and 
amount of pr e c ip i ta t i o n , k i l l i n g  f r os t s , and h i gh w i n d s  a l l p la y  a 
par t i n  r eg u l at i n g  t h e  n umb e r s and va r i e ty o f  i nver t e bra t e s  pr e s en t  o n  
a gras s l an d . 
I nv e r t e brate B i omas s  
2 
Above gr ound i nv e r t e b ra t e  b i oma s s  had a max i mum o f  0 . 200g/m or 
h i gher for the t wo t r eatmen t s  a t  C o t to nwo o d . Be l o w  g round b i om a s s  was . 
n o t  d e t e rm i n e d  a t  C o t t onwood i n  1 9 7 0  or 1 9 7 1 , but i t  has be e n  d e t ermined 
2 
a t  the Pawnee s i t e  i n  C o l or ad o  t o  be be tween 0 . 2 0 and 0 . 8 0g/m 
6 7  
( Hud d l e s ton e t  a l . 1 9 7 1 ) .  When abovegro un d  and b e l o w  gr ound b i omas s 
2 
. ar e  comb i ne d , a t o t a l  i nve r t e br a t e  b iomas s i n  exc e s s o f  l . Og/m c ou l d  
b e  o b ta i ne d . Th i s  i s  a c on s e rv a t i ve f i gur e s i n c e  i t  i s  known t h a t  t h e  
qui ck trap doe s  no t c o l l e c t  a l l t h e  i nV-er t e brat e s  i n  i t s  0 . 5m2 and t h e  
Ber l e s e  funne l d o e s  n o t  ext rac t a l l  the i nver t e b r at e s  f r om t he l i t t e r  
and mul c h . 
Hudd l e s ton et a l . ( 1 9 7 1 ) s ta t e  t ha t  t h e  t o t a l  i nv e r t e br a t e  b i o --
2 
mas s  cou l d  be h i gh e r  t han 2 . 00g/m at the Pan t ex s i t e or i n  t he s ame 
or der o f  magn i t ude a s  t h e  la r g e  domes t i c  her b i vor e b i omas s o n  m a na g e d  
gra s s l anris . I t  i s  po s s i b l e t ha t  t he t o tal b i omas s  at t h e  Co t tonwood 
s i t e  i s  also t ha t  h i gh . 
Tro ph i c  S t ruc t ur e  
I nver t e br a t e s  i n  t h e  her b i vo r ous categor i e s , p lant f e ed i n g  
( t i s s ue ) , p lant f e e d ing ( sap ) , and p lant f e e d i ng ( ne ctar a n d  po l l en ) , 
wer e mu c h  mor e  pr eva l en t  at C o t tonwood than a ny o f  the o t her c at e gor i e s .  
Of t h e s e  t h r e e  gr oups , the p l ant f ee d i ng ( sap ) cat egor y a p pear e d  t o  
conta i n  mor e  i nd i v i d ua l s  t han t h e  o ther two gr o
.ups . 
Me nh i n i ck ( 1 9 6 7 ) u s e d  t h e  f o l l owing compar ab l e  c l a s s i f i ca t i on s  
· i n  a s t udy : gra z i ng h er b i vo r e s , s uck i ng her b i vor e s , and n e c t i v or e s . 
Whe n  h e  e s t i ma t e d  annua l e n e r g y  f l ow for ar thropo d  popula t i o n s  i n
.
a 
s er i c e a  l e s pe d e za ( l e spede za s er i c ea ) s tand , he found t h a t  h er b i vo r e s  
6 8  
a s s imi l at e d  an e s t i ma t e d  4 , 8 0 5  
·
ca lor i e s /m
2
/year w i t h  g r a z i n g  her b i v o r e s , 
s u c k i ng her b i vor e s , and n e c t i vor e s  contr i but i ng 1 8 7 9  c a l o r i e s /m2 /ye a r , 
1 2 00 c a l o r i e s /m2 /year , a n d  1 72 6  c a l or i e s /m2 /year , r e s pe c t ive l y , t o  t h i s  
t o t a l . 
As s um i ng that 
't h e  i nve r t e brat e s  i n  t he s ame t ro p h i c  gr o u p i ng s  a t  
C o t t onwoo d  as s imi lat e d  s im i l ar amoun t s , i t  woul d  a ppear t ha t  t h e  p lant 
fee d i ng ( s ap ) and plant f e e d i ng ( t i s s ue ) c a t e gor i e s  c o n s um e d  near l y  
e qua l amo un t s  o f  vege tat i v e  mat � r ia l . Howev e r , t h e  s uc k i ng i nve r t e -
brat e s  i n  t h e  plant f e e d i n g  ( s ap ) c a t e gor y may more s er i o us l y  a f f e c t  
t he plant t han r emova l o f  a cor r e s pond i ng per c entage o f  f o l i ag � b y  the 
i nve r t ebr a t e s  i n  t he p l an t  f ee d i ng ( t i s s ue )  categor y . W i eg e r t ( 1 9 6 4 ) 
ha s s hown t ha t  s p i t t l e btigs ( Ph i l a enus spumar ius L. ) f e e d  d i r e c t l y  on 
a m i no a c i ds b e i ng t rans por t ed in the xy l em t i s s ue of p l a n t s  and cau s e  
a g r e a t e r  e f fe c t  o n  g r o wt h  o f  p l a n t  p e r  c a l or i e  r emov e d  t han do c hew­
i ng h e r b i v o r e s  t ha t  f e e d  o n  t i s s ue .  
I n  Men h i n i c k ' s  s t udy ( 1 9 6 7 ) , car n ivor e s  had an as s i m i l a t i on o f  
5 3 5  c a l or i e s /m
2 /year o r  about one - t enth t h e  va l ue s  o f  t h e  her b i v o r e s . 
Al t ho ugh t h e 1 numbe r  
o f  i nv e r t ebrates i n  t h e  pr e dator c at e go r y  wer e 
much f ewe r than t h e  number o f  her b i vore s , pr eda t or s s uc h  a s  F o rm i c i dae 
wer e v e r y  i mpor tan t a t  C o t tonwood . An t s  ar e v i c i ous pr e da t o r s and 
a t tack a l l  s pe c i e s  of · a� t h r opod s exc ept pentatom i d s  and s om e  s pi d e r s 
( Me nh i n i ck 1 9 6 7 ) . 
Seas ona l O c c ur r e n c e  o f  S e l e c t e d  Taxa 
The taxon o cc ur r i ng mo s t  f r e quen t ly at Cot t onwood i n  1 9 7 0  and 
1 9 7 1  was Arachn i da wh i c h wa s c ompo s e d  pr edom i nant l y  of m i t e s . The y  
wer e  found i n  h i gh numb e r s  o n  b o t h  t r eatment s  each s amp l i ng p e r i o d . 
Ter r e s t r i a l  m i t e s  ar e abun dant i n  s o i l  and or gan i c  d e b r i s  wher e 
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the i r  populat i o n s  may number s ev e r a l  m i l l i on p e r  a c r e  ( Bor r o r  and 
Wh i t e  1 9 70 ) . Many are par a s i t i c  at l eas t d ur ing a par t of t h e i r  l i f e 
cy c l e . Many o f  t h e  fr e e  l i v ing forms ar e pr eda c i o us , many a r e  phy t o -
phagous , a n d  many a r e s cavenger s ( Bo r r or an d DeLong 1 9 7 1 ) .  
Th ree o f  t he s e l e c t e d  t axa , D i p lopoda , A cr i d i dae , and G r y l l i da e , 
wer e  c o l l e c t e d  much mor e o f t en on the ung raz e d  t r ea tmen t . The f am i l y  
Gr y l l i dae cons i s t s o f  common g;ra s s  i nha b i tan t s  t ha t  w i l l  m i g r a t e  i n  
a n d  out o f  ar eas d e pend i ng o n  food s uppl y ( McDa n i e l  1 9 7 l a ) . Th i s  
wo ul d exp l a i n  t h e i r  pr e fe r enc e for the ungrazed t r eatmen t . Membe r s  o f  
the fam i l y  A c r i d i da e  ar e fami l ia r  be cause o f  t he i r  per i od i c  b u i l dup 
i nto h i gh p o pulat i o n  numb e r s  d ur i ng c e r t a i n  year s ( Fr o e s c hn e r  1 9 5 4 ) . 
I t  has been sugg e s t e d  ( Hud d l e s ton e t  a l . 1 9 7 1 ) t hat gras s hopper s ar e 
no t good i nd i ca t o r s o f  ener g y  f l ow t h rough t h e  gra s s lands d ue t o  t h e i r  
s porad i c  o c c ur r en c e  i n  any g i ve n  ar ea . Di p l opoda ar e s ca v enge r s  and 
f e e d  on de cay i ng p lant mat e r i a l . They are usua+ l y  foun d  i n  damp p l a c e s  
s u c h  a s  under l eave s , und e r  s to n e s  a n d  boa r d s , i n  r o t t i n g  woo d , a n d  i n  
, t 
s o i l ( Bor r o r  and De Lon g 1 9 7 1 ) .  The i r  need for pr o t e c t ed s i t ua t i ons 
c o u l d exp la i n  t he i r  pr e fe r e n c e  for t h e  ung razed t r eatme n t  whe r e  
mor e cover i s  ava i lab l e . 
Two taxa , C i cade l l i da e  and Ps eudoco c c i dae , a r e  fami l i e s  o f  the 
or der Homo p t e r a  wh i ch s u c k  j u i ce s  fr om l eav e s , s t ems , tube r s , a n d  
r o o t s  o f  plan t s  ( Mc Dan i e l  1 9 7 la ) . The _ fam i l y C i cade l l i da e  o r  l ea f -
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hoppe r s  f e e d  o n  wi l d  g ra s s e s , for b s , o r  s hrubs , but s om e  w i l l  move t o  
c u l t i va t ed cr o ps ( Me t ca l f  e t  a l . 1 9 62 ) . They a r e  cons i de r e d  t o  b e  
one o f  t h e  mos t impo r tant g r oups on t h e  I B P Pantex s i t e  ( Hudd l e s t o n  
e t  a l . 1 9 7 1 ) a n d  a t  t h e  I BP O s a g e  s i te whe r e  i t  h a s  b e e n  no t e d  that 
t h e  average we i g h t  o f  i nd i v i dua l l eafhopper s i n  grazed ar eas is  l e s s . 
than in tht ung r az 2 d  ar eas ( Bl c ckeY- e t  a l . 1 9 7 1 ) .  Many mor e l ea f ­
h o p p� r s  wer e c o l l e c t ed i n  1 9 7 1  a t  C o t t o nwood w i t h  populat i o n s  a t  
l eas t t h r e e  t imes l ar g er t han t ho s e  r e cor ded dur i ng t h e  1 9 70 c o l l ec t -
i n g  per i o d . 
Ano t h e r  fami l y  o f  H omop t e r a , the Ps eudo c o c c i da e  o r  mea l yb ug s , 
wer e  f o und t o  b e  impor tant at C o t t o nwood . Ac c or d ing t o  Mc Dan i e l  
( 1 9 7 l b ) , memb e r s  o f  t h i s  f am i l y  f e e d  o n  t h e  p h l oem o f  t h e i r  h o s t s . 
They o c c ur i n  ma s s e s  on t h e  u pper and lower sur fac e s  o f  g r as s l eave s , 
a t  t he bas es o f  l ea f  s tems , a nd at the ba s e s  o f  bunch gras s e s . I n �  
d i v i d ua l s  o f  a l l  a g e  g r o up s  may b e  found o n  a plant a t  t h e  s ame t ime . 
Th ey r emove sap f r om the i r  h o s t s and exc r e t e  a form o f  h o n e y dew .  The 
amo unt o f  p l ant j u i c e  i ng e s te d  by mea l ybugs f r om the g ra s s  r oo t s  o r  
s t ems dur i ng o n e  per i o d  o f  f e ed ing i s  about 1 5 0  t ime s i t s  o r i g i na l 
body we i gh t  i n  s ome s p e c i es t o  on l y  �our t o  f i ve t imes or i g i na l  body 
we i g h t  i n  other s p e c i e s  ( Mc Dan i e l , unpub l i s he d ) . Th i s  g r e a t  f ee d i ng 
capa c i t y  t og e t her wi t h  t h e  extr eme l y  l ar ge numb e r s  o f  meal y bug s 
pr e s en t  dur i ng peak per i od s  at C o t tonwoo d  make them an i mpor t an t  
g r a s s l and c o n s umer . 
The o r d er Thy s ano pt e ra , c ommon l y  known as t h r i ps , have r as p i ng ­
s uc k i ng mouthpar t s  a n d  a g r e a t  many f eed on plan t  j u i ce s  ca us i ng 
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cons i derab l e  dama ge or d ea t h  t o  the hos t  plant . S ome s pe c i e s  f e e d  o n  
f ung i or d e cayed v e ge t a b l e  mat t e r  or may be pr edac i ous o n  o t h e r  sma l l  
ar t h r o po d s . The fam i l y  .Ph l oeo thr i p i dae conta i ns b o t h  phy t o phagous 
and p:r eda c i '.J US i nd i v :i. d1 1a l s . 'Thr i p i dae ar e p l an t  f ee d er s and c o n ta i n  
mos t ci f  t h e  s pe c i es t ha t  ar e o f  e conom i c  impor tance ( Bor r o r and De Long 
1 9 7 1 ) .  
S e veral f l u c t ua t ions i n  n umber s o f  Ph l o eo thr i � i dae and Thr i p i dae 
o c cur r e d  in 1 9 7 1 .  The s e  f lu c t uat i ons may have been caus e d  by pr e -
c i p i tat i on wh i ch wa s heavy i n  F e b r uar y , A pr i l , May , S eptember , and 
Oc tober t ha t  year . Ba i l e y  ( 1 9 5 7 ) o b s erved tha t  heavy r a i n s  r ead i l y 
des t r o y  t hr i ps . He a l s o o b s e r ve d  t hat seasona l  ab undanc e  o c c u r s  i n  
bo t h  s ubor d er s wi t h i n  the Thy s anoptera , some s pe c i e s  b e i ng numerous i n  
the s pr i ng and o t h e r s  d ur i ng t h e  war m , dr y s eason . 
Ano ther taxon hav i n g  ext r eme f l uc t uat i on s  i n  numbers a t  C o t t onwo o d  
wa s Form i c i dae wh i c h  ar e common l y  c a l l ed ant s . S ome an t s  ar e pr edac i o us . 
Some s pe c i es a l s o  take gra s s  i n to t h e i r  bur r ows and us e i t  for f o o d  
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o r  for o t h er purpo s e s . The y  a l s o  d i s p lay var i o us f e e d i n g  ha b i t s  s u c h  
a s  a t t en d i ng a ph i d s  a n d  s ca l e  i n s e c t s  ( Mc Dan i e l  1 9 7 lb ) . 
The e x t r eme f l uc t ua t i o n s  i n  ant numbe r s  r e s u l t e d  f r om s ome p l o t s  
c o nt a i n i ng v e r y  large n umb e r s  o f  ant s  wh i l e o t he r  p l o t s  cont a i ne d  on l y  
a f ew i nd i v i dua l s . Th i s  o c c ur r e d  be caus e c o l on i e s  o f  an t s  ar e n o t  
un i fo r m l y  d i s t r i bu t e d  o v e r  t h e i r  who l e  range , but ar e e n c o un t er e d  o n l y  
i n  par t i cular hab i ta t s  ( Mc Dan i e l  1 9 7 l b ) . Lav i gne e t  al . ( 1 9 7 1 ) r e por t 
t ha t  t he c o l ony d e n s i t y o f  we s te r n  harve s t er ant s  at t h e  Pawne e  s i t e  
var i e s  wi t h  gra z i ng i nt e n s i t y . The h i ghe s t  d ens i t y o c c ur r ed i n  t h e  
w in t e r  u s e  pas t ur e , and t h e  l owe s t  dens i t y o c cur r ed i n  t h e  heavy us e 
pa s t ur e .  Th A p n p� l a t i 0 n d e n s i t y o f  an t s  a t  C o t t onwood i n  1 9 7 1  wa s 
h i gh e r  o n  t h e  ung r a z e d  s i t e  t han on the grazed s i t e . 
Th e Ent omob r y i da e  ar e a c ompo s i te o f  d e compo s er s , pr e da t o r s , a n d  
p l ant f e e d er s . Th e y  ar e f o un d  i n  the mul c h  layer �nd ar e r e gar d e d  a s  
m i croar t h r opo d s  ( Mc Dan i e l  1 9 7 l b ) . The y  are a l s o  r epor t ed a s  d i s tr i b -
utor s o f  fungus d i s ea s e s  and/o r a s  be i ng cannaba l i s t i c  ( Macnamara 
1 9 2 4 ) . The maj or i t y  o f  i n d i v i d ua l s  wer e  cons i der e d  to bt m i c r o f l o r a l  
grazer s i n  t h i s  s tudy a nd wer e  p la c e d  i n  the p lant f e e d i ng ( t i s s u e ) 
cat egor y . Th i s  g r o up o f  i nv e r t e b r a t e s  has been s tud i e d  e x t e n s i v e l y  by 
many wor ker s e s p e c ia l l y  whe r e  s o i l  ar thropods have b e e n  c o n s i d er ed . 
But c h er e t  a l . ( 1 9 7 1 ) po i n t  out the s i gni f i can ce o f  C o l l embo l a  i n  
nutr i e n t  c y c l i ng , s e conda r y  produc t i on , and ene r g y  f l ow . I t  h a s  a l s o  
b e e n  r e por t e d  b y  May na r d  ( 1 9 5 1 ) that an impor tan t  fac t o r  d e t e r m i n i ng 
t h e  o c cur r e n c e  o f  th i s  o rd e r  i s  mo i s t ur e . McDan i e l  ( 1 9 7 l b ) s t a t e s  
t ha t  l ow mo i s t u r e  r e s u l t s  i n  drama t i c  r educ t ions o f  numb e r s  o f  
C o l l embo l a . The En t omobr y i dae popula t i ons a t  C o t t onwo o d  i n c r e a s e d  
dramat i ca l l y  i n  May , J un e , a nd Nov ember o f  1 9 7 1  a l l  o f  wh i c h  wer e 




In or der to s tudy t h e  i nv er t e br a t e s  o n  a gras s l an d  e c o s y s t em , 
D-va c and her bage samp l e s  wer e  taken on 40 p l o t s  r e pr e s e n t i n g  two 
range t r ea tmen t s  f r om May t o  D e c emb e r , 1 9 7 0  and f r om Apr i l to Nov embe r ,  
1 9 7 1 . Ber l e s e  funne l s · wer e us ed t o  extra c t  the i nv er t e b r a t e s  fr om the 
s amp l e s .  I nv e r t e b r a t e s  wer e  c ount e d , s e par a t e d  t o  t he fam i l y  l ev e l , 
and we i g he d . 
E ig h t y - s ev e n  d i f f er e n t  t axa wer e r e cor de d  f r om b o th t reatme n t s . 
A t o ta l  o f  8 0  d i f fe r e n t  t axa wer e co l l e c t ed from t he ung razed t reat -
men t , wh i l e o n l y  6 6  t axa wer e  r e c or ded fr om t h e  grazed t r eatme n t . 
S ix or d er s , the Hem i p t er a , Homop t e r a , Co l eop t e r a , Le p i d o p t e r a , Di p t e ra , 
and Hyme n o p t e r a , t o g e t h e r  cont r i b u t e d  mor e  t han 773 o f  t he t o t a l  number 
of t axa . 
I nv e r t e b ra t e  p o pu l a t i on s  s howe d a t r imoda l tr end dur i ng t h e  1 9 7 0  
s eason . F i v e  peaks i n  popula t i o n  numbe r s  o c cur r e d  dur i ng t h e  1 9 7 1 
s eason . The r e  appear e d  t o  be a s i g n i f i cant corr e la t i on b e tween r a i n f a l l  
a n d  s i z e  o f  i nver t e br a t e  popu la t i ons b o t h  year s . 
I nver t e br a t e  b i omas s  i n  1 9 7 1  c l o s e l y  f o l l owed the pat t ern o f  inv e r ­
t e br a t e  number s . N o  b ioma s s  f ig ures wer e ava i l ab l e  f o r  the 1 9 7 0  d at a . 
I nv e r t e br at e  he r b i v o r e s  were t h e  dom i na n t  t ro ph i c  group w i t h  
i nd i v i dua l s  i n  t h e  p l an t  f e e d i ng ( sap ) cat e gor y b e i n g  mos t  p r e v a l ent . 
Al t hough t h e  p lant f e e d i n g  c a t egor i e s  cons i derab l y  ou t numb e r e d  t hem , 
t h e  predator c a t e g o r y  was a l s o  i mpor tant . 
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The seasonal occur r ence of t he following taxa which were found t o  
b e  significant a t  Cot t onwood fr om data analyses were examined : 
Arachnida , Diplopoda , Ent omobryidae , Acr ididae , Gryllidae , Phloeo-
thripidae , Thripidae , C icadellidae , Pseudococcidae , and Formicidae . 
Addit ional study of inver tebrate populat i ons on the grassland 
ecosystem is needed . Taxa need to · be separated to lower t axonomi� 
units so t ha t  mor e det ailed infor mation on trophic habits can be used . 
Emphasis should be placed on amounts of energy used by each t r ophic 
level and on t racing energy flow throughout the entire ecosyst e m . A 
cl oser examination of inver tebrate-plant interactions and o f  pr edator ­
prey relationships is also needed . 
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